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ABSTRACT 
Chickens from two closely related sublines, GHs-B6 and GHs-B13, 
differing serologically at the major histocompatibility complex, were 
significantly different in their humoral response to three avian egg 
white lysozymes. Specific antisera levels were measured by 
125 
radioimmunoassay using I-labeled lysozymes. Antibodies elicited in 
response to these lysozymes are assumed to be directed against sites 
on these lysozymes where their amino acid sequence differs from that 
of the recipient G. domesticus egg white lysozyme (HEL). GHs-B6 birds 
produced a high level of antibody in response to immunizations of 
turkey (TEL), pheasant (PhL) and guinea hen (GHL) lysozymes. GHs-B13 
birds produced no detectable antibody to TEL, were intermediate in 
their response to PhL and equalled the antibody production of GHs-B6 
birds in response to GHL. Antisera to each lysozyme were examined for 
crossreactivity with all other lysozymes by use of a competitive 
binding assay. Immunization with PhL produced antisera in both 
sublines which reacted only with pheasant lysozyme. GHs-B6 birds 
immunized with either TEL or GHL produced antisera which crossreacted 
with PhL as did antisera from GHs-B13 birds immunized with GHL. 
Primary immunization with PhL effectively primed GHs-B6 but not 
GHs-BlS birds for a response to a subsequent immunization with GHL. 
Crossreactivities of the antisera were related to the amino acid 
sequence of each lysozyme in an attempt to identify probable antigenic 
determinants recognized by antisera from GHs-B6 and B13 birds. 
Differences in the immune responses of B6 and B13 birds were viewed in 
ix 
relation to the determinant selection model and were seen as resulting 
from differences in antigen presentation by the MHC class II molecules 
of each subline. 
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LITERATURE REVIEW 
The major histocompatibility complex (MHC) has, in a very short 
time span, moved from a sideshow attraction focusing on 
transplantation antigens to center stage around which nearly all 
present day immunology revolves. The MHC has been designated a 
supergene; consisting of a linked series of genes encoding cell 
surface glycoproteins which facilitate communication between B cells, 
T cells and macrophages. An MHC, identified in all mammalian species 
studied, is probably present in all vertebrates. 
Discovery of the MHC 
Immunogenetics as a scientific discipline, originated at the turn 
of this century with Karl Landsteiner's discovery that the A, B, 0 
blood group antigens were inherited in a Mendelian fashion. After his 
discovery of blood groups in man, others soon reported similar blood 
group systems in a broad spectrum of wild and domestic species of 
animals. Such studies not only provided the knowledge required for 
successful blood transfusions in man but, more in principle, 
demonstrated that specific differences between the cells of one 
individual and another of the same species could be detected 
serologically. 
Shortly after Landsteiner's discovery, cancer biologists, working 
with mice, encountered the problem of not being able to maintain their 
tumor lines by serial transfer within outbred populations. 
Speculating at a possible connection between the two phenomena, Peter 
Gorer (1936) analyzed mouse erythrocyte alloantigens using rabbit 
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antisera. He identified four blood group antigens in the mouse. 
Antigen I was found on the erythrocytes of all mice examined but 
Antigen II was present on some but not all members of his mouse 
colony. Its presence correlated with susceptibility to transplanted 
tumors. Subsequent studies showed that tumor resistant mice, when 
inoculated with tumor cells, produced antibodies which caused 
hemagglutination in tumor susceptible mice indicating that an antigen 
shared between neoplastic and normal cells was involved in the 
rejection of tumor transplants. Later, these same specificities were 
shown to be associated with the rejection of normal skin grafts, an 
association which earned them the title of "histocompatibility 
antigens" and the genes encoding them, "histocompatibility genes." In 
the mouse, this system has been designated the "H-2 locus" after the 
antigen II nomenclature of Gorer. That this was a misnomer, is now 
well-understood, i.e., the H-2 is not a single gene but rather a gene 
complex. 
While all H-2 incompatible skin grafts were rejected with time, 
grafts between H-2 identical mice were also often rejected indicating 
that the H-2 locus was not alone in coding for histocompatibility 
antigens. The development by George Snell of congenic strains of mice 
differing only at the H-2 locus allowed for a comparison of the 
effects of H-2 vs. non-H-2 differences in transplantation reactions. 
These studies revealed that the H-2 antigens were the main 
determinants causing rapid transplant rejection. The locus was 
designated the major histocompatibility locus. Subsequent work 
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(Shreffler et al., 1971) indicated that the major histocompatibility 
locus consisted of at least two closely-linked loci coding for 
histocompatibility antigens. Designated H-2K and H-2D, they were 
separated by a recombination first observed between mice of strains 
H-2^ and H-2^. 
Researchers had previously observed that the variation in 
antibody levels in antigen-primed individuals were under genetic 
control. Fjord-Scheibel, in 1943, demonstrated that, in random bred 
guinea pigs, it was possible to select for producers and nonproducers 
of "diptheria antitoxin." In mice, differences were observed between 
inbred lines in antibody response to pneumococcal polysaccharide, 
tetanus toxoid and sheep red blood cells (Sang and Sobey, 1954; Ipsen, 
1959; Fink and Quinn, 1953; Stern et al., 1956). Because these 
complex antigens produced a complex antibody response, it was 
impossible to find animals which were strictly nonresponders. Animals 
could only be classified as high or low responders based on their 
response to a limiting dose of the antigen. 
Synthetic peptides of limited heterogeneity produced by the 
method of Katchalski and Sela (1958) appeared to provide a solution to 
this problem. Hugh McDevitt and Michael Sela (1966) used a branched 
co-polymer (T,G)-A—L to induce the humoral immune response in several 
different inbred mouse lines. Some lines consistently responded to 
the antigen but others produced no detectable response. Investigation 
of these inbred lines revealed an association between the response to 
this antigen and certain H-2 genotypes. Responses to the closely 
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related antigens, (H,G)-A—L and (Phe,G)-A—L, produced a different 
pattern of reactivity among the inbred lines revealing the antigenic 
specificity associated with the genetic control of the immune 
response. The use of recombinant strains of mice allowed for the 
mapping of those genes controlling the immune response (immune 
response genes or Ir genes) to a region between the H-2K and H-2D loci 
(McDevitt et al., 1972). This is now designated the I region. 
Although the H-2 genotype determined whether a mouse would 
respond to a particular antigen or not, the antibody produced often 
crossreacted with antigens for which the mouse could not respond 
If 
itself. For example, mice of the H-2 genotype are responders to 
(H,G)-A—L and nonresponders to (T,G)-A—L, however, antibodies 
produced to (H,G)-A—L by these mice also bind to (T,G)-A—L (McDevitt 
and Sela, 1967). T cell proliferative responses, on the other hand, 
were highly specific and correlated well with Ir gene control 
(Schwartz et al., 1978). It was, therefore, suggested that the Ir 
genes coded for a cell surface receptor on T cells (la antigens) 
allowing for communication between T cells and B cells required for an 
antibody response. 
Reciprocal immunizations of lymphocytes between recombinant, H-2 
congenic strains of mice, differing genetically only at the I region, 
allowed for the production of antibodies to the Ir gene products 
(Shreffler and David, 1974). These antibodies detected an antigen 
present on the surface of B cells, macrophages and a subset of T cells 
and were able to inhibit the in vitro antigen-induced proliferation of 
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antigen-primed T cells. Further experimentation by Shevach and 
Rosenthal (1973) revealed that these I region encoded cell surface 
proteins play a particularly important role on the surface of the 
macrophage. T cells from a responder strain of mice must be presented 
with antigen bound by the la molecule on the surface of the antigen 
presenting cell (generally the macrophage) obtained from the same 
strain. Blockage of the la molecules on the macrophages of a 
responder strain with antisera to la, effectively abrogates the cell's 
ability to stimulate an Ir gene controlled response. 
Glycoproteins encoded by the H-2K and H-2D regions of the H-2 
complex are designated as class I antigens. The I region encoded 
antigens, the la antigens, are designated as class II antigens. Even 
though these two classes of antigens differ in their involvement with 
various immune phenomena and tissue distribution, their underlying 
functions are quite similar. Class I and class II molecules on the 
surface of the cell, give that cell a characteristic fingerprint. The 
T cells scan the body for cells bearing the wrong "fingerprint." In 
the case of tissue transplantation, donor cells bearing disparate 
histocompatibility antigens are recognized as being foreign to the 
individual and an immune response is mounted leading to graft 
rejection. In the response to a soluble antigen, the class II 
molecule and the antigen associate to form a single antigen complex on 
the surface of the antigen presenting cell. Complexing with the 
antigen renders the class II molecule unfamiliar to the host's T cell 
surveillance system and leads to an immune response, the type of which 
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is dependent on the population of the responding T cells. This 
underlying similarity has led to a functional definition of the MHC as 
"a cluster of loci coding for molecules that restrict the specificity 
of the T cell receptor" (Klein, 1982). 
MHC of the Chicken 
The involvement of chickens in immunogenetic research has its 
beginnings with Karl Landsteiner and blood groups. Landsteiner and 
Miller (1925) reported that rabbits injected with chicken erythrocytes 
produced an antisera capable of differentiating between individual 
chickens. Blood group systems in the chicken however, have proven to 
be more complex than those found in most other species. The 
production of alloantiserum by reciprocal immunizations of 
erythrocytes between closed populations allowed Briles et al. (1948) 
to distinguish two blood group systems, A and B. Subsequently, no 
less than 10 additional systems have been discovered. 
Attempts to associate erythrocyte alloantigens with skin graft 
reactions had been conducted by several clinicians prior to Peter 
Gorer's work with mice. J. C. Masson (1918) and H. K. Schwan (1919) 
experimented with matching the blood groups of donors and recipients 
for human skin grafts. As these studies were necessarily limited in 
scope, no conclusive associations were made. In 1933, A. W. Kozelka 
investigated the possibility of using red cell agglutination patterns 
in the chicken as a means to determine histocompatibility. Because he 
used an unabsorbed polyclonal antiserum and because little was known 
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about the complex blood group systems in the chicken, he was unable to 
show such an association. It was not until the development of 
alloantisera specific for a particular blood group that an association 
with histocompatibility could be made. 
Histocompatibility reactions in the chicken can be monitored in a 
number of ways including the duration of skin graft acceptance, 
graft-versus-host (GVH) splenomegally (the enlargement of the 
embryonic spleen upon the injection of allogenic, immunocompetent 
cells) and the CAM-pock test [counting the pocks on the 
chorioallantoic membrane (CAM) after the in-ovo transfer of mature 
lymphocytes]. Schierman and Nordskog (1961) were the first to show an 
association between disparate B blood types and skin graft rejection. 
Jaffa and McDermid (1962) showed that the GVH splenomegally reaction 
was determined by genes linked to the B blood group locus. Schierman 
and Nordskog (1963) also linked the B blood group locus with the 
GVH-CAM pock response. These studies all implicated the B locus as 
the major histocompatibility locus of the chicken. 
A difficult problem for the early investigators studying the B 
blood group and histocompatibility was the finding of extensive 
polymorphisms. A total of 27 distinct B alleles have been 
characterized serologically (Briles and Briles, 1982). Early work 
demonstrated that these alleles were inherited in a Mendelian fashion 
with complete penetrance (Briles et al., 1950). Polymorphism at the B 
locus persists even within small, closed populations with inbreeding 
coefficients over 90% (Gilmour and Morton, 1971). These findings 
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suggest that the B alleles were associated with survival and/or 
reproductive traits and not only with the artificially occurring 
phenomena of allograft rejection. 
The persistence of polymorphism in the face of extensive 
inbreeding suggested a selective advantage of the heterozygote over 
the homozygote for any particular B allele. Examination of unrelated 
populations showed that each line carried a unique array of B alleles 
(Briles, 1972) suggesting that the B blood group locus, per se, may 
not have a selective value. On the other hand, Hansen et al. (1967) 
reported that chickens, homozygous or heterozygous for the B21 allele 
were more highly resistant to Marek's disease. Birds selected for 
resistance to Marek's disease were uniformly homozygous for the B21 
allele (Pazderka et al., 1975). Also, the B21 allele was found to be 
present in several unrelated populations including populations of Red 
Jungle Fowl, the ancestor to Callus domesticus. Such findings 
indicate a general selective value for this allele or for an allele at 
another locus which is tightly linked to it. 
After finding that the B blood group locus identified the chicken 
MHC, it was compared to the better characterized mammalian MHCs. It 
had already been established that genes controlling the humoral 
response were linked to the H-2 complex. Therefore, several 
investigators attempted to establish the existence of Ir genes linked 
to the B blood group locus. Differences in the level of antibody 
formation between inbred lines homozygous at the B blood group locus 
but carrying different B alleles were reported by Balcarova et al. 
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(1973a, b; 1974). These included differences in the humoral response 
to SRBCs, to DNP coupled to chicken gamma globulin, to HSA, to FITC, 
to arsenilic acid, to PABA and to pneumococcal polysaccharide. 
Gunther et al. (1974) was the first to report the actual linkage of an 
antibody response to the B blood group locus using (T,G)-A—L as the 
antigen. Subsequent work with this antigen (Benedict et al., 1975 and 
Koch and Simonsen, 1977) supported Gunther's findings. 
The association of the B blood group locus with such diverse 
phenomena as the humoral response, tissue transplantation, GVHR, 
erythrocyte alloantigens and resistance to viral oncogenesis, together 
with the existing information on the mammalian MHCs, seemed to 
preclude the possibility that all these activities were under the 
control of a single gene. Evidence of closely linked multiple loci 
was first reported by Hala et al. (1976). Mating an F1 cross from two 
B congenic lines (CB x CC) to a third unrelated line (WB), he produced 
two irregular offspring out of 1,206 birds. Serologically these two 
birds reacted as if they had received both B alleles from their F1 
parents. One of these birds accepted grafts from CB and WB donors but 
rejected those from CC birds. This suggested that a recombinational 
event had occurred separating the B locus from the histocompatibility 
(H) antigen locus and thus establishing that at least two loci 
comprise the B complex. 
Pevzner et al. (1978) reported an incident of recombination 
between the B-linked gene controlling humoral immune response to the 
synthetic polymer GAT and the serologically defined B antigens. Such 
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a recombination is quite rare supposedly due to the tight linkage of 
the Ir genes to those coding for the serologically defined antigens 
and because of the inherent difficulty in detecting such recombinants. 
Biochemical evidence for multiple loci associated with the B 
complex was forthcoming. Alloantisera against B alloantigens obtained 
by crossimmunization between B-congenic lines of chickens were used in 
the immunoprecipitation of radio labeled B antigens from peripheral 
blood leukocytes (Zieger and Pink, 1975). 
SDS-polyacrylamide gel electrophoresis of the immunoprecipitate 
yielded two protein peaks: a major peak of 40-45,000 m.w. and a minor 
peak of approximately 11-12,000 m.w. Under conditions dissociating 
the chains, only the large peak precipitated with the anti-B serum. 
These findings were consistent with the known character of the 
histocompatibility antigens of the mouse and human MHCs. In these 
species, the H antigens consist of an MHC encoded 43-47,000 m.w. 
protein chain, noncovalently associated with the 11,500 m.w. 
p2-microglobulin. &2-microglobulin is not MHC-linked. 
Ziegler and Pink (1976) characterized an additional alloantigen 
in the chicken present on WBCs but not on RBCs and having an apparent 
molecular weight of 30,000 daltons. This glycoprotein, not associated 
with the p2 microglobulin, was determined to have the same molecular 
weight and tissue distribution as described for the mouse la molecule 
(Ewert and Cooper, 1978). Linkage to the B complex was confirmed by 
Ewert et al. (1980). 
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A third molecule, found exclusively on RBCs, consisting of two 
polypeptide chains having molecular weights of 31,000 and 42,000 
daltons under reducing conditions was discovered by Pink et al., 1977. 
They postulated a 3-locus model for the chicken MHC: a B-F locus 
coding for the 40-45 kd H antigen; a B-L locus coding for the 30 kd 
la-like molecule and a B-G locus coding for the RBC antigen. 
(Nomenclature is that of Ewert et al., 1980.) The order of these loci 
on the chromosome has been suggested as B-L; B-F; B-G on the basis of 
the few recombinants separating B-F and B-G (Hala et al., 1976; 
Pevzner et al., 1978; Crone et al., 1981a). 
A further complexity of the MHC is indicated by 2-dimensional 
electrophoresis patterns of B complex molecules. Up to three 
different spots were observed from the immunoprecipitate of B-F 
molecules (Bisati and Brogren, 1980 and Crone et al., 1985). Multiple 
spots have also been observed for the B-G molecules (Miller et al., 
1984), Crone et al. (1981b) detected two populations of B-L molecules 
by sequential immunoprecipitation with two B-L specific antisera. It 
thus appears that B-L, B-F and B-G should be considered as regional 
markers of the B complex which code for class II, class I and class IV 
MHC antigens respectively (nomenclature is that of Simonsen, 1981). 
Humoral Imnune Response to Protein Antigens 
Initial investigations of the humoral immune response were 
hindered by the use of highly complex, poorly defined protein 
antigens. Landsteiner and Miller (1925) had demonstrated the 
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specificity of the immune system in its ability to respond to small 
haptenic groups attached to an immunogenic carrier. The response to a 
foreign protein was, therefore, suspected to be a composite of several 
responses to an almost limitless array of antigenic determinants on 
the protein. 
Attempts to dissect a humoral response into its various 
components by fractionating the protein into small peptides revealed 
the importance of the tertiary structure in antibody-antigen 
interactions (Sela, 1969; Benjamin! et al., 1972). Peptides of 
hemoglobin (Reichlin, 1972), ovalbumin (MacPherson and Heidelberger, 
1945), IgG (Freedman and Sela, 1966), cytochrome C (Nisonoff et al., 
1970), myoglobin (Atassi and Salpin, 1968) and egg white lysozyme 
(Arnon and Sela, 1968) failed to react, or reacted only weakly and 
when in large molar excess, with antisera raised against the intact 
protein. 
The finding that the humoral response could not readily be 
fractionated into its various components was most discouraging to the 
immunogeneticist. The humoral response to complex antigens is under 
multiple gene control (Biozzi et al., 1975) and although nearly all 
animals immunized with such antigens produce a humoral response, the 
responses of individual animals may be directed towards entirely 
different epitopes on the antigen (Mozes et al., 1971). Because of 
this multideterminant nature of protein antigens, several 
investigators abandoned their use altogether turning instead to 
synthetic peptides which were "simpler" in nature. 
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Even though the initial studies with synthetic antigens have been 
useful in establishing the existence of immune response genes 
associated with the MHC of many species, their use has introduced 
their own unique set of problems. The response to synthetic antigens 
is often inconsistent. Koch and Simonsen (1977) found that the 
response of chickens to (T,G)-A—L varied with the source of the 
antigen and with different batches from an individual source. 
Furthermore, while synthetic peptides are simpler in composition than 
native proteins, they still are composed of multiple antigenic 
determinants. DBA/1 and SJL inbred mice strains respond equally well 
to poly (Phe-Glu)-Pro—Lys. However, the response of DBA/1 mice, 
however, is to the Phe and Glu moieties, while SJL mice respond to the 
Pro—Lys backbone (Mozes et al., 1969). Finally, despite the well 
defined composition of these synthetic antigens, the peptides are not 
characterized as to size and conformation in solution. They are, 
therefore, not useful in providing information about antigen 
recognition or antigenic determinants. 
The early '70s were a time when a great interest was placed upon 
protein sequencing and high resolution x-ray crystallography. It was 
repeatedly observed that, when comparing homologous proteins from 
several species, a particular conformation is maintained regardless of 
extensive differences in the primary structure (Nolan and Margoliash, 
1968; Dickerson et al., 1971 and Sarma and Bott, 1977). This 
consistent nature of proteins, which cannot be reproduced by synthesis 
of small peptides, led to their reconsideration as antigens in 
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immunological studies. Egg white lysozyme has been of particular 
interest. It is readily obtainable in pure form and considerable 
information concerning lysozyme's antigenicity is already available 
(Osserman et al., 1974). The amino acid sequence is known for several 
avian and one mammalian lysozyme and the highly compact tertiary 
structure of the protein is maintained even among lysozymes containing 
several amino acid differences. 
Initial investigations with lysozyme focused on the ability of 
an antiserum against a lysozyme from a particular species to 
crossreact with the lysozyme isolated from another species. By 
comparing the patterns of crossreactivity with the known amino acid 
sequences, particular antigenic sites on the molecule were identified. 
Such studies indicated that approximately 80% of all amino acid 
substitutions were immunologically detectable (Prager et al., 1978). 
This is supportive of the multideterminant hypothesis. 
Although nearly all amino acid substitutions are detectable, 
evidence has indicated that not all amino acid positions in the 
molecule are involved in antibody binding. Extensive chemical 
modification of the antigen may eliminate the reactivity of an 
antiserum with it. Side chain modification of specific residues 
within the molecule, however, may have little or no effect on antibody 
binding (Crumpton, 1974). Such findings imply that antigenic 
determinants are discrete sites on the surface of the protein. 
A complete determination of the entire antigenic structure of 
lysozyme was reported by Atassi (1978) based on extensive analysis 
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of the reactivity of anti-HEL antisera with chemically modified and 
surface-simulated peptides of lysozyme. Surface-simulated peptides 
are a series of amino acids joined together by peptide bonds such that 
their spatial arrangement corresponds closely to that found on the 
surface of the intact molecule. According to these authors, only 
three antigenic sites exist on the lysozyme molecule. Each consists 
of 5-6 amino acids on the surface of the protein which, while they are 
not in direct linear sequence, are in close proximity due to the 
tertiary structure of the molecule. Site I is made up of residues 5, 
7, 13, 14 and 125; site II of residues 33, 34, 113, 114 and 116; and 
site III of residues 62, 87, 89, 93, 96 and 97. Sequential absorption 
of either goat or rabbit anti-HEL with these three peptides removed 
98% of the serum's reactivity with the immuncgen. 
Studies with lysozyme and sperm whale myoglobin by Atassi (1975) 
led him to propose a theory of protein antigenicity in sharp contrast 
with the prevalent multideterminant theory. According to the 
multideterminant theory, the antibody response to a protein is 
directed toward those regions which differ from the homologous protein 
in the host. All such regions, accessible to the B cells, are able to 
elicit an antibody response. According to Atassi, antigenic sites are 
inherent in the tertiary structure of the antigen without regard to 
the host's proteins. His paper (Atassi, 1980), describing the nature 
of the antigenic determinants of proteins, included the following 
points. 
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1. Antigenic sites are inherent to the antigen and are 
identical for a given protein regardless of the host 
species. 
2. Amino acid differences between host proteins and the 
immunogen are not prerequisite for the induction of an 
antibody response. 
3. Antigen sites are discrete entities on the surface of the 
protein with well defined boundaries. 
4. The same antigenic sites on the molecule are recognized 
throughout the course of the antibody response. 
5. The response to each antigenic determinant is under separate 
genetic control. 
His suggestions were not readily accepted since previous research 
had implicated the loop region (amino acids 64-80) as a major 
antigenic determinant on HEL (Maron et al., 1971; Mozes et al., 1971; 
Prager et al., 1974 and Ibrahimi et al., 1979 and 1980). Such studies 
had looked at the crossreactivity of anti-HEL antisera with other, 
closely related lysozymes or isolated loop region peptides from these 
lysozymes. It was observed that identity at amino acid position 68 
was an essential factor determining the strength of the 
crossreactivity (Ibrahimi et al., 1980). Though this implied an 
antigenic determinant in the loop region surrounding amino acid 
position 68, this region is not part of the three antigenic sites 
claimed by Atassi. 
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Atassi offered an alternative explanation for the difference in 
the degree of an antisera's crossreactivity with two similar 
lysozymes. He suggested that the loss of reactivity is not a direct 
result of differences in the amino acid sequence, but rather to 
conformational or electrostatic changes in the 3 antigenic sites 
induced by these substitutions (Atassi and Kazim, 1980). Under this 
explanation, immunological distance, a measure of the crossreactivity 
between two proteins with an antiserum raised against one of them, is 
related to the amount of disruption an amino acid substitution has on 
the antigenic sites. The degree of disruption should be dependent on 
the distance of the substitution from one of the antigenic sites and 
on the nature of the substitution (conservative or radical). In the 
examination of a panel of 10 lysozymes, of known amino acid sequence, 
a numerical relationship was observed between immunological distance 
and the site and type of amino acid substitution (Atassi and Kazim, 
1980). Substitutions within the antigenic sites had the greatest 
effect, those nearest to atoms within the antigenic site ("nearest 
neighbor" substitutions) had a lesser effect and those further removed 
had the least effect on immunological distance. 
The use of polyclonal antisera does not permit direct mapping of 
individual antigenic determinants on the intact lysozyme molecule. 
However, the employment of monoclonal antibodies has recently enabled 
researchers to assign even particular amino acids to the antigenic 
determinant recognized by antibodies of a single clonotype. 
Smith-Gill et al. (1962) mapped the binding of one mouse monoclonal 
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antibody to a surface determinant of HEL involving amino acids at 
positions 45, 68, 47 and 48. Such a determination was based on the 
ability of a monoclonal antibody to bind to a panel of 9 closely 
related avian lysozymes. Their assumptions made for mapping of the 
antigenic determinant are: 
1. antigenic sites consist of external residues which are 
grouped together in all lysozymes studied, 
2. the substitutions in a lysozyme which are immunologically 
identical to the immunogen are not involved in the antigenic 
determinant 
3. and substitutions in a lysozyme which are immunologically 
different from the immunogen are possibly involved in the 
antigenic determinant. 
On the basis of the criteria above, Smith-Gill et al. (1984) has 
mapped the antigenic determinants recognized by 6 additional 
monoclonals to sites on the HEL molecule. While each monoclonal 
antibody recognized a unique region on the surface of the HEL 
molecule, there were complex patterns of overlap observed, indicating 
a continuous antigenic nature of the surface of the protein. This 
conclusion was further supported by the work of Miller et al. (1983) 
who found that of a panel of 44 mouse monoclonal antibodies to HEL, 
all were directed to unique specificities. Such studies indicate that 
the B cell repertoire is diverse and capable of producing antibody 
reactive with any region on the surface of the molecule. 
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Genetic Control of the Immune Response to Lysozyme 
The determination of antigenic regions on the lysozyme molecule 
has utilized antisera produced in a variety of species but the study 
of the genetic control of the immune response has mostly been limited 
to the mouse. Though work with mice has important advantages such as 
the availability of congenic and recombinant strains, it does not seem 
to be the ideal species to study the immune response to avian 
lysozymes which differ from their mammalian counterparts at 
approximately 50 amino acid positions. 
Mozes et al. (1971) was the first to suggest that the humoral 
response to lysozyme was under genetic control. Of 11 strains of 
inbred mice studied, the C57BL/6 strain failed to produce an antibody 
titre to HEL. Of the 10 responding strains, only 5 produced 
antibodies able to react with the isolated loop peptide (amino acids 
64-80). These same 5 strains were also capable of producing an 
anti-HEL response when immunized with the loop peptide indicating that 
the specificity of the antibody response to lysozyme is under genetic 
control. 
The association of genes controlling the anti-lysozyme response 
to the H-2 complex was first demonstrated by Hill and Sercarz (1975) 
using H-2 congenic strains of mice. Responsiveness was dominant to 
nonresponsiveness in the F1 progeny from a mating between H-2^ 
nonresponder strains with H-2^ or H-2^ responder strains. Okuda et 
al. (1979) mapped genes controlling the immune response to HEL to the 
I region of the H-2 complex. They suggested that the response was 
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determined by two genes within this region, one mapping to the I-A and 
another to the I-C subregions. These control both the antibody and 
the antigen-induced T cell proliferative responses to lysozyme. 
More recently, the humoral response to HEL in the pig was shown 
to be determined by genes linked to the SLA complex (the MHC in swine) 
(Vaiman et al., 1978) suggesting that, in several species, the 
response to lysozyme is determined by only a few genes, with major 
control associated with the MHC. 
The mechanism by which genetic control is exerted upon the immune 
response to a multideterminant antigen has been extensively studied in 
the lysozyme system. Although the diversity among panels of mouse 
monoclonal antibodies suggests the ability to produce an antibody 
response to antigenic sites encompassing the surface of the molecule, 
the observed in vivo response is limited to a relatively few major 
epitopes (Metzger et al., 1984). This determinant selection is due to 
a genetic control influencing the interaction of B cells, T cells and 
antigen presenting cells. 
BIO strain mice (H-2^) are genetic nonresponders to HEL but 
produce a good anti-HEL humoral response when injected with HEL 
coupled to SRBCs. If BIO mice are given a primary immunization of HEL 
in CFA, the response to a subsequent immunization of HEL-SRBC is 
severely suppressed. This T cell mediated suppression is highly 
specific for lysozyme from the species used in the first immunization 
(Adorini et al., 1979a). 
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Degrading HEL by mild acid hydrolysis, yields one main peptide 
composed of amino acids from both the N-terminal and C-terminal ends 
of the molecule (1-27: cys 5-cys 127: 120-129). Primary immunization 
with this N-C peptide, emulsified in CFA, suppresses the HEL-SRBC 
response to the same degree as does immunization with intact HEL. 
Cyanogen bromide cleavage of HEL, followed by disulfide exchange, 
yields three peptides designated LI, LII and LIII. The LII peptide 
(a.a. 13-105) induces HEL-specific T cell help in the BIO strain of 
mice (Adorini et al., 1979b). Evidently, the humoral response is 
regulated by populations of T cells recognizing different sites on the 
lysozyme molecule. These T cells mediate either suppression or help 
in the anti-lysozyme response. MHC congenic mice have been useful in 
linking this T cell regulation to the H-2 complex in mice. 
Further studies demonstrate that additional mechanisms are 
involved in MHC-governed determinant selection. A primary 
immunization with the LII peptide induces T cell help for a response 
to HEL in both the BIO.A (responder) and BIO (nonresponder) mouse 
strains. The LII and N-C peptides share amino acids 13-17 in common. 
The LII peptide primes BIO.A mice for a response to the N-C peptide 
and vice versa but there is no cross priming when BIO mice are 
immunized with these peptides. Evidently BIO.A mice respond to a T 
cell epitope contained within the shared region of the LII and N-C 
peptides whereas BIO mice do not recognize this determinant (Maizels 
et al., 1980). 
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Evidence for such a mechanism determining unresponsiveness to 
particular determinants is also observed in the immune response of two 
responder strains of mice (BIO.A and B10.D2) to a panel of avian 
lysozymes. T helper cells of the B10.D2 mice, primed with HEL, 
respond when challenged with HEL, TEL and JEL but not to PhL, GHL or 
OEL. Sequence comparisons of these two groups of lysozymes reveals 
homology within groups but not between groups at amino acid positions 
113 and 114. This implicates these amino acids as the site of a major 
T cell determinant in the B10.D2 strain. Alternatively, BIO.A mice, 
primed with HEL will respond to challenge by all avian lysozymes 
tested. The responsiveness of BIO.A mice is not determined by the 
amino acids at positions 113 and 114 (Katz et al., 1982). 
Strain differences in determinant recognition, not associated 
with direct suppression, may result from a deficiency in the 
repertoire of T cell receptors in the nonresponder strain. 
Alternatively, they may be due to the inability of the 
antigen-presenting cells of that strain to associate with and present 
certain antigenic determinants to a fully competent T cell population. 
The recognition sites on lysozyme for T cells and B cells are 
generally considered to be separated, distinct entities. Within the 
BIO.A mouse strain, the T cell proliferative response to HEL is 
primarily evoked by determinants present on the LII peptide (Maizels 
et al., 1980). The antibody response of this strain is almost totally 
directed to the N-C peptide region (Harvey et al., 1979). These 
antibodies carry a common idiotype associated with their antigen 
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binding regions (Benjamin et al., 1980). This same idiotype is also 
present on a population of HEL-specific suppressor T cells of the BIO 
nonresponder strain (Harvey et al., 1979). 
In responder BIO.À mice, optimal PFC humoral response to HEL 
requires a T helper cell population capable of binding to the common 
idiotype of anti-HEL antibodies (Adorini et al., 1979c). The 
involvement of a common idiotype on anti-HEL antibodies and its 
association with specific T cell populations, suggests that the 
genetic control which determines the specificity of the humoral 
response to lysozyme is exerted through idiotypic regulation. 
Evidence that such regulation is in effect has recently been 
presented by Wicker et al. (1984a and 1984b). The first three amino 
acids of HEL can easily be removed by treatment with an 
aminopeptidase. The resulting AP-HEL will prime for an anti-HEL 
response in responder strains equalling that of the unaltered HEL 
molecule. Antibodies from a secondary response to HEL of A/J mice are 
primarily directed to the N-C peptide and all carry a common idiotype. 
Only about 7% of these antibodies will not bind to AP-HEL. Evidently, 
the first three amino acids are not part of a major antigenic 
determinant for antibodies of the secondary response to HEL. 
Antibodies from a primary response to HEL however, do not carry the 
common idiotype and only 50% of these antibodies will bind to AP-HEL. 
Selection for N-C peptide determinants in the secondary antibody 
response seems to be correlated with the selection for a common 
idiotype among the anti-HEL antibodies. Such idiotypic selection has 
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been observed in all strains of mice and is apparently not linked to 
the MHC. 
While studies involving panels of monoclonal antibodies would 
indicate that the B cell repertoire in mice is sufficiently broad to 
produce an antibody response which encompasses the entire surface of 
the lysozyme molecule, the in vivo response seems to be directed to a 
few major epitopes. Regulation may be in the form of active T cell 
suppression or in the inability of antigen-presenting cells to present 
certain T cell determinants. Though these two mechanisms are MHC 
associated, a third is thought to exist which limits the B cell 
response to those cells carrying a particular idiotype. 
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MATERIALS AND METHODS 
Genetic Stocks 
This study was mainly confined to birds of the GHs line of White 
Leghorns maintained at the Iowa State University Poultry Research 
Center. Inbreeding in GHs is over 95% (Cheng, 1985). The line 
originated from a single cross between two Iowa State University 
inbreds, GH and HN, in 1958 (Schierman, 1961). From this cross, an F1 
male was backcrossed to two GH line birds and two full sibs yielding 
both backcross and F2 progeny. Since 1962, matings designed to 
maintain differences at the Ea-B blood group locus have resulted in 
two sublines, GHs-B6 and GHS-B13. These have been continued through 
full and half sibbing to produce inbred sublines with inbreeding 
coefficients now over 95%. 
The SI line, originally an outbred White Leghorn population in 
which the B1 and B19 alleles segregate at the Ea-B blood group locus, 
now has an inbreeding coefficient of over 50%. This line has been 
uniquely characterized for its immune response to the synthetic 
polymer GAT, its resistance to Marek's disease, and its ability to 
regress Rous sarcoma virus induced tumors. Intraline recombination is 
believed to have occurred between genes determining the B blood group 
serotypes and for the immune response to GAT. Matings have been 
restricted by B blood type and GAT response such that 4 sublines are 
now available. The 4 sublines consist of the two parental and two 
recombinant haplotypes: 
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B1 GAT low Parental 
B19 GAT high 
B1 GAT high Recombinant 
B19 GAT low 
Line GH is highly inbred (F > 0.9) has been maintained at the 
Iowa State Poultry Research Center since 1954. It originated from a 
commercial breeding farm (Ghostley). Following several generations of 
full sibbing, sublines have been established such that each subline is 
homozygous for one of 3 alleles at the Ea-B locus (Bl, B13 and B16.1). 
Eggs 
Egg white lysozyme was derived from various sources. Turkey eggs 
were supplied by Cuddy hatcheries of Ellsworth, Iowa. Ring-neck 
pheasant eggs were purchased from Mac Farlane Pheasant Farm of 
Janesville, Wisconsin. Bobwhite quail eggs were from the Kidder Game 
Farm, Milton, Wisconsin and guinea hen eggs were obtained from Ridgway 
Hatchery, La Rue, Ohio. Essentially "fresh" eggs were used. 
Ion-exchange resins 
Carboxy Methyl Cellulose (fine mesh, fibrous form) was obtained 
through Sigma (St. Louis, Mo.). Carboxy Methyl Sephadex (CM C-50) was 
purchased from Pharmacia (Piscataway, N.J.) and Bio-Rex 70 from 
Bio-Rad Laboratories (Rockville Center, N.Y.). 
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Gel filtration 
Gel filtration for the purification of lysozymes was carried out 
on a column of Bio-Gel P-10 (exclusion limit, molecular weight 20,000) 
purchased from Bio-Rad Laboratories. Sephadex G-25, used in the 125-1 
labelling of lysozyme was purchased from Sigma. 
Purification of Lysozymes 
The purification procedure for the egg white lysozymes was 
essentially that of Arnheim et al. (1969) who made use of the very 
basic nature of this protein due to the considerable number of 
positively charged amino acids it contains (primarily lysine and 
arginine). 
CM cellulose 
Approximately 500 milliliters of egg white added to 2 liters of 
ammonium acetate buffer (pH 9.0, O.IM acetate) was mixed and 
homogenized with a Hamilton Beach blender at the slowest possible 
speed to avoid frothing. At this pH, lysozyme is one of the few 
proteins which carries a negative charge. The homogenate was vacuum 
filtered to remove the ovomucin. To the filtrate, 30 g (dry wt.) of 
CM cellulose, previously equilibrated in the ammonium acetate buffer, 
was added. The resulting slurry was stirred overnight at 4°C. The 
remainder of the purification was carried out at room temperature. 
After the cellulose had settled, the supernatant was decanted away and 
the remaining resin was poured all at once into a 75 x 2.4 cm glass 
column to produce an evenly packed column. The column was washed with 
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approximately 500 ml of ammonium acetate buffer. Lysbzyme was eluted 
by washing with an ammonium carbonate buffer (0.4 M, pH 9.2). 
Fractions of 7 ml each were collected. The protein content of each 
fraction was determined by reading its absorbance at 280 nm. in an LKB 
spectrophotometer (Ultrospec 4050, LKB Instruments, Cambridge, 
England). Figure 1 presents the elution profile of turkey egg white 
lysozyme from the CM cellulose column. The protein elutes from the 
column as a single peak upon washing with the ammonium carbonate 
buffer with a yield of approximately 2 g of protein from the initial 
500 ml of egg whites. The pooled peak fractions were placed in 
dialysis tubing (Spectrapor 3, American Scientific Products, McGraw 
Park, 111., m.w. cutoff 3,500, 18 mm. flat width) and dialized for 24 
hours against 3 changes of the ammonium acetate buffer. 
Bio-Gel P-10 
The dialysate was subjected to gel filtration through a column 
(45 X 2.0 cm.) of Bio-Gel P-10 previously equilibrated in the ammonium 
acetate buffer. This also served as the running buffer for the 
column. Again, 7 ml. fractions were collected and the protein peak 
determined by absorbance at 280 nm. The elution profile for TEL from 
a Bio-Gel P-10 column is shown in Figure 2. Absorbance readings 
indicated that the protein eluted from the column in a single peak. 
CM Sephadex 
The peak fractions from the Bio-Gel P-10 column were pooled and 
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Figure 2. Elution profile of partially purified turkey lysozyme from a column of Bio-Gel P-10 
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previously equilibrated in the ammonium acetate buffer. After 
washing, the lysozyme was eluted from the resin by a linear gradient 
of ammonium carbonate buffer (0.05 - 0.40 M, pH 9.2). The fractions 
collected were analyzed for their protein content. The elution 
profile for TEL from the CM Sephadex column is presented in Figure 3. 
The amount of protein recovered in the elution peak was approximately 
1 g. The peak fractions were pooled and dialyzed against 3 changes of 
a sodium phosphate buffer (pH 7.18, 0.2 M). 
Bio Rex 70 
Bio Rex 70 is a weakly acidic cation exchange resin which has 
proven to have excellent resolving capabilities for egg white 
lysozymes. The protein-containing fractions from the CM Sephadex 
column were applied to a Bio Rex 70 column (45 x 2.0 cm) which had 
previously been equilibrated in a 0.2 M sodium phosphate buffer (pH 
7.18). The protein was eluted from the column with the equilibrating 
buffer giving the elution profile depicted in Figure 4. Pooled 
fractions from both peaks showed enzymatic activity by their ability 
to clear a suspension of Micrococcus lysodeikticus cells (Figure 5). 
Only lysozyme from the major peak was used for experimental purposes. 
Assay for Lysozyme's Lytic Activity 
The enzymatic activity of lysozyme was determined by a 
modification of the classical procedure of Smolelis and Hartsell 
(1949). Dried Micrococcus lysodeikticus cells (Sigma) were suspended 
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Figure 4. Elution profile of partially purified turkey lysozyme from a column of Bio-Rex 70 
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Figure 5. Graph showing the enzymatic activity of two protein peaks eluted from a Bio-Rex 
70 column as determined by the clearance of a suspension of M. lysodeikticus cell 
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transmittance reading of approximately 10% in a Spectronic 20 
spectrophotometer (Bausch and Lomb, Rochester, N.Y.) set at a 
wavelength of 540 nm and calibrated using a distilled water blank. To 
each tube was added 100 pi of column running buffer. The tubes were 
vigorously shaken and the percent transmittance was read at regular 
intervals. Lysozyme's lytic activity was indicated by an increase in 
light transmittance of the sample with time. 
SDS-Polyacrylamide Gel Electrophoresis 
Tube gels of 10% polyacrylamide and 1% SDS were prepared by 
ammonium persulfite initiated polymerization. Purified lysozyme 
concentrations ranged from 1.8 to 4.6 mg/ml. A 20 pi aliquote of each 
lysozyme was mixed with 1 drop of glycerol and 5 pi tracking dye (10% 
SDS, 25% B-Me, 50 mM Tris, 50% sucrose, 10 mg Bromophenyl blue made up 
to a volume of 15 ml in the running buffer). The running buffer 
consisted of: 
7.8 g NAH^PO^ HgO 
38.6 g NagHPD^ IHgO 
2.0 g SDS 
in 2 liters of distilled water. 
After a 5 minute incubation in a boiling water-bath, various 
samples of lysozyme were applied to the tops of the tube gels and ran 
towards the cathode under a constant current of 8mA/gel until the 
tracking dye reached approximately 1 cm from the bottom of the gel. 
Running time under these conditions was between 10 and 12 hours. The 
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position of the tracking dye was marked with India ink, the proteins 
were fixed in 10% acetic acid overnight then stained with Coomassie 
Blue for one hour. Gels were destained with several changes of a 
50:50 mixture of methanol and glacial acetic acid. Rf values were 
determined for each lysozyme and compared to a series of low molecular 
weight standards (Pharmacia). A photograph of the gels appears in 
Figure 6. A single band for each isolated lysozyme is indicated. In 
comparison with the mobility of the low molecular weight standards 
(Figure 7), the isolated proteins were indicated to have a m.w. of 
approximately 13,000 which is in close agreement with the known 
molecular weight of lysozyme (14,300). 
125 I-Labeling of Isolated Lysozymes 
The iodination of egg whites lysozymes was carried out according 
to the method of Yuzuriha et al. (1979) with some modifications. Two 
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mCi of Na I (20 pi, in 0.05 M sodium phosphate buffer, pH 7.4) and 
50 pg of chloramine T (20 pi volume) were added to 2 mg of lysozyme 
(50 pi. volume, in sodium phosphate buffer, pH 7.4). After stirring 
for 5 minutes at room temperature, the reaction was stopped by the 
addition of 100 pg. of sodium metabisulfite (50 pi volume) and 25 pg 
of potassium iodide (50 pi volume). The reaction mixture was then 
applied to a disposable column of Sephadex G-25 (30 x 1.5 cm) 
previously equilibrated in a 0.05 M sodium phosphate buffer (pH 7.4, 
containing 0.2% bovine serum albumin and 0.15 M NaCl). The 
125 
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Figure 6. Photograph of SDS-polyacrylamide gel electrophoresis of 
isolated pheasant (PhL), bobwhite quail (BQL), guinea 
hen (GHL) and turkey (TEL) lysozymes 
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Figure 7. Relative mobility of isolated lysozymes under SDS 
polyacrylamide gel electrophoresis. Molecular weight 
determinantions are based on the relative mobilities of the 
low molecular weight standards of Pharmacia (phosphorylase 
B—97,400; BSA—66,000; ovalbumin—45,000; carbonic 




The radioimmunoassay procedure was a modification of that 
125 
reported by Yuzuriha et al. (1978). The I-labeled lysozyme was 
diluted with sodium phosphate buffer containing 0.2% bovine serum 
albumin (BSA) and 0.15 M NaCl such that 100 pi of the final antigen 
control gave approximately 10,000 cpm's. One hundred microliters of 
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the diluted I-labeled lysozyme was dispensed to numbered 10 x 75 
mm disposable glass tubes. One hundred microliters of a dilution 
(usually 1:2 unless unless otherwise specified) of the anti-egg white 
lysozyme was added and the mixture allowed to incubate at 37°C for 2 
hours. At this time, 0.5 ml of a dextran treated charcoal suspension 
(5% charcoal and 0.5% dextran T-70 in the dilution buffer) was added 
to each tube. After mixing, the tubes were incubated overnight at 
4°C. The charcoal was resuspended prior to centrifugation at 2.5 xg. 
at 25°C for 15 minutes. A 100 pi aliquote of the supernatant, 
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containing the antibody bound I-labeled lysozyme, was transferred 
to disposable 12 x 75 mm plastic tubes. The radioactivity of each 
sample was measured in a well type gamma scintillation counter (Tracor 
125 Analytic). The percentage•of I-labeled lysozyme bound by the 
antisera was calculated according to the formula. 
where : 
* B=«na = . loo 
Sample cpm = radioactivity of the individual sample 
tested 
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NCS cpm = radioactivity bound by sera from a 
nonimmunized control bird 
Total cpm = radioactivity bound by 100 pi of a 
125 
solution containing I-labeled lysozyme 
in buffer with the antigen being at the 
same dilution it would have in the sample 
of NCS containing tubes. 
All samples and controls were run in either duplicate or triplicate. 
125 The results were reported as the average percentage of I-labeled 
lysozyme bound. 
Competition assays 
The procedure for the competition assays was similar to the above 
procedure for RIA except that a 100 pi of a nonlabeled lysozyme were 
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added to the 100 pi of I-labeled immunogen before the addition of 
the antiserum. 
Blood Typing 
Birds were serotyped for B locus alloantigens using a 
hemaglutination assay. Fifty microliters of a specific alloantiserum 
at the appropriate dilution were added to the wells of a 96-well round 
bottom culture plate. Fifty microliters of a 2% suspension of the 
test red blood cells were added to each well; the plates were placed 
on an automatic shaker for 5 minutes (Microshaker II, Dynatech 
Laboratories Inc.) then allowed to stand for 1 hour before scoring. 
Positive agglutination was shown by a diffuse mat of red blood cells 
covering the bottom of the well while a negative reaction was 
indicated by a round pellet of red cells at the center of the well. 
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Blood collection and serum isolation 
Blood was collected from the brachial vein of a chicken by wing 
stab using a scalpel fitted with a number 11 surgical blade. 
Approximately 6 ml of blood were collected from each bird. Samples 
were kept overnight at room temperature and allowed to clot. The sera 




Birds were immunized with 1 mg of lysozyme in Complete Freund's 
Adjuvant (Gibco; Grand Island, N.Y.) at a 1:1 volume ratio of lysozyme 
to adjuvant. One half ml of the emulsion was injected into each 
breast muscle of the birds. 
Secondary immunization 
Birds were given 1 mg of lysozyme diluted in a 0.9% NaCl solution 
to a volume of 1 ml. Immunizations were given intravenously into the 
brachial vein of the chicken. 
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RESULTS 
Immune Response to 
Turkey Egg White Lysozyme in the GHS Line 
Birds were given a primary immunization of turkey egg white 
lysozyme (TEL) in complete Freund's adjuvant (CFA) and a secondary 
immunization 14 days later. Sera were collected from these birds 28 
days post-primary immunization and the antibody response was measured 
by a radioimmunoassay (RIA) procedure. Birds carrying the B6 allele 
at the Ea-B blood group locus produced a significant humoral response 
to the antigen whereas birds carrying the B13 allele failed to produce 
a detectable response (Figures 8a and 8b). 
Five birds of each haplotype were studied to determine the immune 
response curve to turkey egg white lysozyme. Birds were given primary 
and secondary immunizations spaced two weeks apart and bled at 8, 12, 
14, 16, 20, 24, 28, 35, 42 and 49 days post-primary immunization. 
Sera from these bleedings were assayed for antibodies to TEL. Birds 
carrying the B6 allele produced normal primary and secondary response 
curves to the antigen with the peak response occurring 2 weeks after 
the secondary immunization. Throughout the course of this study, 
birds with the B13 blood type gave no humoral response to TEL (Figure 
9). 
F1 response to turkey egg white lysozyme 
Birds which were initially typed as high or low responders to TEL 
were crossed to produce heterozygoses. As the response to TEL 
43 
Response to TEL (expt. 1) 
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Figure 8. Duplicate experiments depicting the frequency 
distribution of the humoral response of GHs line birds 
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Figure 9. Humoral immune response curve of fills line birds iinmunixod with Ti:i, as detenniiiod 
by RIA usinq TEL. 
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correlated directly with the Ea-B locus blood type, heterozygotes were 
all B6 B13 birds. 
Plasma was collected from the heterozygotes 2 weeks after the 
secondary immunization with TEL. Antibody responses were measured by 
125 
RIA to I-TEL. Although considerable variation in the response of 
the heterozygous birds was noted, they were similar to the B6 
homozygotes being able to produce a humoral response. Homozygous B13 
hatchmates of the heterozygotes, under the same treatment, showed no 
response to the antigen (Figure 10). 
F2 and F1 backcross generation response to TEL 
Birds of the F1 generation, assayed for their immune response to 
TEL, were mated to produce an F2 generation, or were backcrossed to 
one of the parental haplotypes. These matings produced birds of three 
different genotypes: those homozygous for B6 or B13 and heterozygous, 
B6 B13 birds. All progeny were immunized with TEL and their antibody 
responses were measured by RIA. No statistically significant 
difference in the response could be detected between birds of the same 
genotype produced by the two mating schemes. On the other hand, 
differences between genotypes, irrespective of mating type, were 
highly significant. B13 homozygotes were nonresponders whereas birds 
having either the B6 B6 or B6 B13 genotypes produced a strong humoral 
response. No observable difference could be detected between birds 
carrying the B6 allele in either the homozygous or heterozygous state 
(Figures 11 and 12). 
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Figure 11. Frequency distribution of the humoral response to TEL of and F^ backcross 
generations of GHs line birds as determined by RIA using 125i-labeled PhL 
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Figure 12. Diagram depicting the association of a high humoral response to TEL in the GHs 
line with the B6 serotype in parental, F^ and backcross generations 
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Immune response to TEL by birds of the SI line 
SI line birds were immunized with TEL at the same dosage which 
had stimulated a humoral response by B6 birds of the GHs line. The SI 
line carries both the Bl and B19 alleles. The SI birds used in this 
study were homozygous for Bl or B19. Plasma collected and assayed two 
weeks after the secondary immunization showed that none of the birds 
responded to TEL (Table 1). 
Immune response to TEL by birds of line GH 
Inbred line GH birds, homozygous for the B13 allele were 
immunized with TEL at the same dosage, route and schedule of 
immunization as the GHs line birds. Sera collected two weeks after 
the secondary immunization were measured for antibodies reactive with 
125 
I-labeled TEL by RIA. While the majority of these birds showed 
little or no response to the antigen (13 of 19 antisera bound less 
125 
than 30% of the I-TEL bound by the sera of the high responder from 
this line), other sera showed that some birds had produced a 
significant humoral response. This contrasts sharply with the results 
from the GHs line where the B13 allele was always associated with 
nonresponsiveness to TEL. The GH line birds were the progeny of 2 
sire families as indicated in Table 2. Because full sib offspring 
could be separated into responder and nonresponder types, genes 
controlling the response to TEL must have been segregating within 
these two families. 
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Table 1. Humoral response of line birds immunized- with TEL as 
determined by RIA 
Blood Type GAT Response 
125 

















GHs High Positive Control 
B6 B6 high 66.5 
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Table 2. Humoral response to TEL by GH line birds carrying the B13 
serotype from two sire families 
125 
Sire Dam % I-TEL bound by each progeny 
6340 7087 1.2; 48.2 
6301 3.1; 40.2; 100 
6315 3.9; 5.1; 96.2 
6311 4.4; 19.5 
4815 5539 1.5 
4822 2.0 
4817 4.4; 19.5 
5542 6.7; 8.4 
4821 11.4; 24.8 
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Inimine Response of GHs Line Birds to Pheasant Lysozyme 
GHs line birds homozygous for either the B6 or B13 alleles were 
immunized with pheasant egg white lysozyme (PhL). Plasma isolated 28 
days post-primary immunization were assayed for antibodies reactive 
125 
with I-PhL in a RIA procedure. Although both GHs-B6 and GHS-B13 
birds produced a humoral response to the antigen, the response of 86 
birds was significantly higher than the GHs-B13 birds (Figure 13). 
Immune response curve to PhL 
Sera from birds given two immunizations of pheasant egg white 
lysozyme two weeks apart was taken on days: 8, 12, 14, 16, 20, 24, 
28, 35, 42 and 49 post-primary immunization. Sera, pooled according 
to B haplotype, were tested for levels of anti-PhL antibodies by RIA. 
GHS-B6 birds produced a strong primary response to pheasant 
lysozyme. No response was observed by GHs-B13 birds until after a 
secondary immunization (Figure 14). 
Inmmine Response 
to Guinea Hen Lysozyme by QIs Line Birds 
Birds were immunized with lysozyme isolated from guinea hen egg 
whites at the same dosage and immunization protocol used for the other 
lysozymes. Plasma collected 28 days post-primary immunization were 
assayed for guinea hen lysozyme specific antibodies by RIA. While 
there was considerable variation in the response, birds of both GHs-B6 
and GHS-B13 sublines were capable of producing a humoral response to 
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Figure 13. Frequency distribution of the humoral response of GHs line birds to PhL as 
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the antigen. There was no apparent difference in the level of 
response between birds of the two sublines (Figure 15). 
Immune response curve of GHs line birds to guinea hen lysozyme 
Birds were given two immunizations of guinea hen egg white 
lysozyme (GHL) two weeks apart and bled on days: 8, 10, 12, 14, 16, 
20, 24, 28, 35, 42 and 49 post-primary immunization. At each 
collection, sera from birds of the same haplotype were pooled and 
assayed for antibodies specific for GHL. The curves show similar 
magnitudes, time of onset and duration of the anti-GHL response for 
the two sublines (Figure 16). 
Specificity of the Response to Avian Egg White Lysozymes 
Antisera produced by GHs line birds in response to immunizing 
doses of turkey, pheasant or guinea hen lysozyme were analyzed for 
crossreactivity with other isolated lysozymes. A decrease in the 
125 
I-labeled immunogen bound by the antisera when an unlabeled 
competing lysozyme was added indicated a crossreactivity of the 
humoral response between the two lysozymes (Figure 17). 
Crossreactivity of anti-TEL with other avian lysozymes The 
1 95 
ability of GHs-B6 anti-TEL antisera to bind to I-labeled turkey 
lysozyme was not significantly inhibited by the addition of unlabeled 
hen egg white lysozyme (HEL) nor GHL but was significantly and 
consistently inhibited by the addition of unlabeled PhL. Adding 10 
pg of unlabeled pheasant lysozyme to the system decreased the 
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Figure 15. Frequency distribution of the humoral immune response produced by GHs line birds 
















Figure 16. Humoral immune response curve of GHs line birds immunized with GHL as determined 
by RIA using ^^^I-labeled GHL 
Competition Assay 
turkey pheasant guinea 
hen 
*Indicates a significant decrease in l^^I-labeled immunogen bound after absorption p < 0.05. 
Figure 17- Crossreactivity of antisera from GHs line birds immunized with either turkey, 
pheasant or guinea hen lysozyme with lysozymes isolated from chicken (c), guinea hen 
(g)I pheasant (p) and turkey (t) egg whites (b = buffer control) in a competitive 
binding assay with 125j;-2aj3eled immunogens 
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125 
antisera's ability to bind I-labeled turkey lysozyme by an average 
of 39 percent. Adding the same quantity of unlabeled TEL reduced the 
percentage of radioactive immunogen bound by an average of 91 percent. 
Crossreactivity of anti-PhL with other avian lysozymes 
Antisera from GHs-B6 and GHs-B13 birds responding to PhL were examined 
for crossreactivity to other lysozymes. The reaction of anti pheasant 
125 lysozyme antisera with I-labeled pheasant lysozyme was not 
inhibited by the addition of hen, turkey or guinea hen lysozymes. 
Inclusion of 10 ug of unlabeled pheasant lysozyme inhibited binding by 
an average of 80 percent. 
Crossreactivity of anti-GHL with other avian lysozymes 
Antisera from GHs line birds produced in response to immunizations 
with GHL were tested for crossreactivity to the other avian lysozymes. 
Incubation with hen or turkey egg white lysozymes had no significant 
125 
effect on the ability of the antisera to bind I-labeled GHL. 
Adding unlabeled guinea hen lysozyme reduced the amount of 
125 
I-labeled GHL bound by the antisera an average of 98 percent. 
Further examination of the crossreactivity between anti-GHL and PhL 
Sera collected from birds two weeks after a secondary 
immunization with GHL were examined for the extent of its 
crossreactivity with pheasant egg white lysozyme. Increasing amounts 
of unlabeled pheasant lysozyme was added to the reaction mixture of 
125 
I-labeled GHL and the antisera. The amount of inhibition at each 
concentration of competing antigen was determined for birds of the 
60 
GHs-Bô and B13 sublines. Though all sera showed crossreactivity with 
pheasant lysozyme, the highest levels of this antigen could not remove 
125 
all of the sera's reactivity with the I-labeled GHL. Instead, a 
plateau was reached beyond which no further addition of pheasant 
lysozyme increased the inhibition. While sera from both haplotypes 
crossreacted with pheasant lysozyme, GHs B6 birds appeared to contain 
a higher proportion of PhL crossreactive antibodies (Figure 18). 
Further examination of the lack of 
crossreactivity between anti-PhL and GHL 
Sera taken from GHs line birds two weeks after a secondary 
immunization with pheasant lysozyme were pooled according to B 
125 haplotypes and assayed for reactivity against I-labeled PhL. The 
reaction mixtures contained varying amounts of unlabeled guinea hen 
lysozyme. No inhibition of the sera's ability to bind the 
125 
I-labeled pheasant lysozyme was observed at any level of GHL for 
birds from either haplotype (Figures 19 and 20). 
Crossreactivity of anti-GHL with bobwhite quail lysozyme 
Sera from GHs line birds immunized with guinea hen lysozyme were 
pooled by B haplotype. Inhibition of binding of these antisera to 
125 
I-GHL was tested by the inclusion of bobwhite quail lysozyme (SQL), 
pheasant lysozyme (PhL), guinea hen lysozyme (GHL) or a combination of 
these. Although pheasant lysozyme and guinea hen lysozyme competed 
125 
significantly with the I-labeled immunogen, bobwhite quail lysozyme 
alone did not inhibit the reaction nor did it increase inhibition when 
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Figure 18. Decreased reactivity with I-labeled GHL of antisera from GHL immunized GHs 
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Figure 10. Lack of crossreactivity between anti-PhL antisera of Gns-B6 birds and Glir. as 
shown by the inability of unlabeled GHL to reduce the antisura's reactivity 
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Figure 20. Wck of crossreactivity between anti-PhL antisera of Glls-Bl 3 birds ami GHL as 
shown by the inability of unlabi.-lecl Glib to reduce tlio antisera's reactivity 
with 125i_iabeled PhL in a competitive binding assay 
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Table 3. Competition assay determining the crossreactivity of GHs 
anti-GHL antisera with PhL and BQL 
Competing Antigen X 
125 





100 pg HEL 
50 pg GHL + 50 pg HEL 
50 pg BQL + 50 pg HEL 
50 pg PhL + 50 pg HEL 
50 pg PhL + 50 pg BQL 
61.0 (7.3) 89.0 (9.0) 
- 5.4 (1.5) - 6.0 (1.7) 
58.6 (7.5) 84.8 (8.3) 
13.4 (3.9) 34.3 (5.6) 
11.3 (3.7) 34.2 (5.0) 
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In Vivo Cross-Stimulation of the Humoral Response 
GHs line birds were given a primary immunization of either guinea 
hen or pheasant lysozyme in CFA or given CFA alone. Four weeks later, 
these birds were challenged with an intravenous injection of either of 
these two lysozymes. Two weeks after challenge, birds were bled and 
125 
their sera tested for antibodies binding to I-labeled guinea hen 
and pheasant lysozymes. 
Because this experiment required a different immunization 
protocol, additional immune response curves needed to be determined. 
Response curve data were collected on birds receiving primary and 
secondary immunizations of the same antigen (either PhL or GHL) and 
from those birds receiving a primary but no secondary immunization. 
The determined response curves allowed us to observe the duration of 
the primary response and the effect of the challenging immunization. 
Birds given a primary immunization of pheasant lysozyme in CFA 
produced a response to the immunogen of high magnitude and of lasting 
duration. The response was not significantly affected by the 
administration of a challenging dose at 4 weeks post-primary 
immunization. Birds given a primary immunization with guinea hen 
lysozyme in CFA, while they produced a primary response to the antigen 
first observable 3 weeks after the primary immunization, required a 
challenging immunization of the antigen to reach and maintain a high 
level of the humoral response (Figures 21 and 22). Birds receiving 
only the secondary immunization of antigen (birds receiving CFA alone 
in the primary immunization) had not produced a detectable response by 
100.* 
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Figure 21. Humoral immune response curve of Gils line birds after a primary immunization only 
of PhL (open bars) or after both primary and secondary immunizations of Fhl. 
(solid bars) 
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Figure 22. Humoral immune response curve of GHs line birds, after a primary immunization only 
of GHL (open bars) or after both primary and secondary immunizations of GHL 
(solid bars) 
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two weeks after the secondary immunization regardless of the antigen 
or the haplotype of the birds. 
The ability of birds to respond to a secondary immunization of 
one lysozyme, 4 weeks after a primary immunization with another 
crossreactive lysozyme, was dependent on the B haplotype of the birds 
(Table 4). 
A primary immunization with pheasant lysozyme in CFA primes birds 
of the GHS-B6 subline to respond to a challenging dose of guinea hen 
lysozyme. GHs-B13 birds, under the same immunization schedule, do not 
produce a detectable anti-GHL response. 
Primary immunization with guinea hen lysozyme in CFA primes 
GHS-B6 birds for a response to PhL. GHs-B13 birds do not produce 
antibodies reactive with pheasant lysozyme under the same immunization 
scheme. Further, a secondary immunization of PhL in saline was able 
to maintain the anti-GHL response in GHs-B6 birds previously immunized 
with GHL in CFA. Secondary immunization of GHS-B13 birds with PhL did 
not maintain or increase the primary response to GHL. 
Specificity of antibodies produced on cross-stimulation 
of the hormonal response by pheasant and guinea hen lysozymes 
Although the preceding experiment indicated, at least for birds 
of the GHS-B6 subline, that a primary immunization with one lysozyme 
can predispose a bird for a secondary response to another lysozyme, it 
reveals nothing about the specificity of the antibody response to this 
second lysozyme. Such information was obtained by absorption of the 
sera with various unlabeled antigens prior to assaying for the 
69 
Table 4. The in vivo cross-stimulation of the humoral response by GHL 
and PhL in GHs line birds 
Response 
Immunization Reaction with: Haplotype N (in % bound) S.E. 
125 
PhL - GHL I-GHL B6 10 44.8 (10.0) 
* 
" " B13 10 5.5 (3.3) 
125 
GHL - PhL I-PhL 86 9 30.2 ( 4.4) 
* 
" " 813 10 4.8 ( 2.9) 
125 
GHL - PhL I-GHL 86 9 48.2 ( 4.2) 
* 
" " 813 10 8.8 ( 0.9) 
CFA - PhL 125 I-PhL 
125 





3 3.3 ( 0.6) 
4 0.5 ( 0.0) 
4 - 0.1 ( 0.0) 
4 - 0.9 ( 0.4) 
*Indicate a significant difference in the response between GHs B6 
and GHs 813 sublines at p < .01. 
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125 
response to I-labeled antigens and is presented in Figure 23 and 
below. 
As shown previously, the humoral response to PhL is directed to 
antigenic determinants specific for the pheasant lysozyme molecule. 
This specificity is again indicated in Figure 23 section a. The 
1 pc 
reactivity of GHs-B6 and GHs-B13 antisera with I-labeled PhL could 
not be removed by absorption with excess hen egg white lysozyme which 
served as a measure for nonspecific binding, nor by guinea hen 
lysozyme. 
A primary immunization with PhL and secondary immunization with 
GHL resulted in a strong antibody response to PhL in both GHs-B6 and 
GHS-B13 birds. Figure 23c shows that a significant amount of the 
anti-PhL antibodies can be absorbed out of the GHs-B6 sera by 
1 pc 
unlabeled GHL. No reduction in the reactivity with I-PhL is 
observed when GHs-B13 sera are absorbed with GHL. Similarly, Figure 
23 section d shows that the antibodies from GHs-B6 birds react 
125 directly with I-labeled GHL whereas GHs-B13 antibodies do not. 
These GHs-B6 antibodies, reactive with GHL, are directed entirely 
towards determinants shared in common with the PhL molecule as 
absorption of this antisera with unlabeled PhL removes all of the 
1 pc; 
reactivity with I-labeled GHL. 
The humoral response to GHL carries a subpopulation of antibodies 
crossreactive with the PhL molecule. This explains the small but 
observable reactivity of GHs-B6 and B13 anti-GHL antisera with 
125 
I-labeled PhL shown in Figure 23 section e. When the relative 
amounts of crossreactive and GHL specific antibodies are determined. 
71 
Reaction with PhL 
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Figure 23. Analysis of antibody specificity in antisera obtained from 
a crosspriming experiment between GHL and PhL by a 
competitive binding assay using labeled GHL or PhL 
after absorption of the antisera with pheasant (P), guinea 
hen (G) or chicken (H) lysozymes 
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the anti-GHL response of B6 birds contains a large proportion of 
antibodies which are crossreactive with PhL. Conversely, only a small 
fraction of the B13 anti-GHL antibodies are crossreactive with PhL 
(Figure 23 section f). 
Primary immunization with GHL, followed 4 weeks later by a 
secondary immunization with PhL, was shown previously to produce a 
response to PhL and to maintain the primary response to GHL in GHs-B6 
birds but to do neither in GHs-B13 birds (Table 4). When the 
specificity of the GHs-B6 antibodies was examined, it was observed 
125 
that, for that portion of the antibodies reactive with I-PhL, a 
large percentage (78%) are directed towards antigenic determinants 
specific for the pheasant lysozyme molecule. Absorption with GHL does 
not remove these antibodies (Figure 23 section g). GHs-B6 antibodies 
125 
reactive with I-labeled GHL are primarily directed towards the 
shared determinants between GHL and PhL since absorption with PhL 
125 
removes 78% of the I-GHL reactive antibodies (Figure 23h). 
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DISCUSSION 
This study was undertaken with the hope of finding the locus for 
a gene(s) marking the immune response region (B-L) of the B complex. 
Earlier studies in our laboratory demonstrated that the B-L region is 
associated with the humoral immune response to the synthetic polymer 
GAT (Pevzner et al., 1978). Avian egg white lysozyme was used as the 
test antigen because it is a well-characterized protein with uniform 
chemical composition and tertiary structure. It has also been found 
to be immunogenic in several species. Because the amino acid 
sequences of egg white lysozymes are similar for closely related avian 
species, we hoped that these proteins would convey a limited number of 
antigenic determinants to the immune system and, in turn, would 
restrict the humoral response. The amino acid sequences of lysozymes 
used in this study are given in Figure 24. 
The choice of avian egg white lysozymes allowed us to administer 
a high dose of antigen and still observe a humoral response to a 
limited number of specificities. This is not possible when highly 
foreign antigens are administered. 
Genetic control of the humoral response is usually evident when 
antigens are given at low dosages (Vaz et al., 1971). At high doses 
of the same immunogen, poor responders may produce a humoral response 
of high titer. Evidently, the response of low responder strains is 
directed towards antigenic determinants on the molecule which are only 
adequately presented at high dosages. The threshold dose depends on 
the antigen and the particular species being immunized. 
I 
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Figure 24. Comparison of the amino acid sequences of pheasant, turkey, guinea hen and 
bobwhite quail lysozymes to the sequence of hen (chicken) egg white lysozyme 




Responder and nonresponder strains of mice can be differentiated 
when the dosage of hen egg white lysozyme (HEL) is 10 pg. At 100 pg, 
all mice respond to HEL (Maizels et al., 1980). 
A slight but significant difference is seen in the antibody 
response between strains of pigs carrying different MHC haplotypes 
when these animals are given a 1 mg dose of HEL. After a second, 
intravenous injection with 1 mg of HEL in saline, all differences 
disappear. The optimal dosage for detecting MHC determined 
differences in the humoral response to HEL in the pig is 10 pg (Vaiman 
et al., 1978). 
In the present study, birds failing to produce a detectable 
humoral response after a primary and secondary immunization of 1 mg of 
lysozyme each, can be classified as stringent nonresponders. 
Antigenic Determinants on TEL 
TEL differs from the hen's own egg white lysozyme at 7 amino acid 
positions (Figure 24). All differences but one occur at amino acid 
positions where side chains project outwardly from the molecule or lie 
along its surface. Such sidechains are accessible to antibody. Two 
of these substitutions, 3(Phe->Tyr), 41(Gln+His) and 121(Gln+His) are 
substitutions of charged amino acids for uncharged ones and therefore 
are prime candidates for involvement in the antigenic sites on the TEL 
molecule. 
The immune response to TEL differentiates GHs line birds as 
responders and nonresponders. In particular, B6 birds are responders 
and B13 birds are nonresponders. An immune response curve for the 
76 
period covering 7 weeks following a primary immunization with TEL 
showed that no antibody response is produced by B13 birds. Attempts 
to stimulate an anti-TEL response in B13 birds by coupling the antigen 
to SRBCs failed, even though a good anti-SRBC titer was obtained. In 
BIO mice, this procedure converts nonresponders to HEL into responders 
by overriding T cell suppression. The nonresponsiveness of B13 birds 
to TEL is not associated with a suppression which could be overcome by 
administering a high dosage nor by its linkage to an immunogenic 
carrier. 
Analysis of the response of the F1 generation to TEL indicates 
that responsiveness is dominant to nonresponsiveness. That is, the 
response of B6 B13 heterozygotes to TEL is equal to that of the B6 
homozygotes. As expected, all B13 homozygote controls were 
nonresponders, but two B5 homozygote controls and 4 of the 
heterozygotes were also nonresponders. These discrepancies may be due 
to birds which were immunologically depressed when immunized or such 
birds may have missed a primary of secondary immunization. The 
likelihood of their nonresponsiveness being due to recombination seems 
remote as no homozygous B13 responders were observed. 
The response of the F2 and F1 backcross generations proves that 
the B6 serotype and responsiveness to TEL are linked. F2 (B6 B13 x B6 
B13) and the F1 backcross generations produced birds homozygous for B6 
or B13 and and B6 B13 heterozygotes. Birds of similar B type, 
regardless of the mating scheme from which they were derived, were 
similar in their response to TEL. No homozygous 813 birds produced a 
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significant response to TEL while birds carrying the B6 allele in 
either the homozygous or heterozygous state were high responders. 
GHs birds, and those from related populations all show that the 
B6 allele is associated with a high antibody response and the B13 
allele with a low response. This pattern of response has been 
observed, as regards the humoral response, to the synthetic antigens 
GT and (T,G)-A—L (Koch and Simonsen, 1977), to GAT (unpublished 
results from our lab) and also to HSA (Balcarova et al., 1973a) and 
DNP coupled to chicken gamma globulin (DNP-CGG) (Balcarova et al., 
1973b). The present study however, is the first to show the B13 
homozygotes as complete nonresponders to an antigen. 
The association of the immune response to TEL with the MHC 
haplotype is evidence for a specific immune response gene within the B 
complex. In mice, the ability to respond to an antigen has been 
directly linked to the I region encoded la antigens of the mouse 
(Shreffler and David, 1975). In the chicken, the class II antigens of 
the B-L region appear to be the homologues of the mouse la antigens. 
Crone et al. (1981) determined that the peripheral lymphocytes of B6 
and B13 birds carry separate populations of B-L antigens. We 
hypothesize, therefore, that the response to TEL is determined by a 
gene within the B-L region of the B complex. The locus, designated 
Ir-GEL (for Gallinaceous egg white lysozyme) is polymorphic, with 
responder and nonresponder alleles possible. B6 birds carry a 
responder allele and B13 birds carry a nonresponder allele. 
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Although GHs-B6 birds are high responders to both TEL and to GAT, 
responsiveness to these two antigens is not consistently associated in 
other populations. Within the SI line (unrelated to the GHs line), 
birds have been characterized for their humoral response to GAT. 
While GHS-B6 birds are high responders to GAT, GAT-high responders of 
the SI line do not respond to TEL. This would indicate that either 
the response to these two antigens is determined by separate class II 
antigens or that additional polymorphism exists in the B-L region such 
that one allele confers responsiveness to both GAT and TEL, as seen in 
the B6 birds, and another allele confers responsiveness only to GAT, 
as seen in the SI line. 
The response to TEL is not directly determined by the same genes 
that determine the Ea-B blood group serotype. The B13 allele is 
present within both the GH and GHs inbred lines. GH-B13 birds can be 
separated into responders and nonresponders to TEL. Because the GHs 
and GH lines are of common origin, they likely carry the same B13 
allele. The continuing segregation of responsiveness and 
nonresponsiveness within the population of GH-B13 birds indicates that 
the low response of GHs-B13 birds to TEL is not a direct result of the 
blood group serotype determined by the B13 allele. 
Antigenic Determinants on PhL 
The amino acid sequence of pheasant egg white lysozyme (PhL) 
differs from BEL at 9 amino acid positions. PhL also carries an 
additional residue at its N-terminal end (Gly- -1). All substitutions 
occur at residues located on the molecule's surface. Substitutions in 
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PhL are more clustered than those found in TEL with the pairs; 
Phe+Tyr3 and Gln+Gly41, Arg->Lys73 and Asn->Lysll3 and Arg^Hisll4, 
GLN->Argl21 and Ala-+Vall22 occurring within lo8 of each other. 
Both GHs B6 and B13 birds are responders to PhL but the mean 
response of the B13 birds is only about half that of B5. Although 
nonresponders to TEL, we classify B13 birds as intermediate responders 
to PhL. The lower response of the B13 birds may be due to a lower 
level of antibody production to all antigenic determinants or to a 
limited response directed at fewer determinants than in the response 
of B6 birds. The response difference is definitely not attributable 
to a difference in the time required to reach the peak response 
because the response curves of B6 and B13 birds parallel each other. 
Antigenic Determinants on GHL 
The amino acid sequence of guinea hen lysozyme (GHL) differs from 
HEL at 10 amino acid positions. Five substitutions (a.a. positions 
40, 55, 84, 91, 92) are clustered within 10% of each other, with three 
of these (a.a. 40, 55, 91) being internal substitutions where side 
chains are buried within the molecule and inaccessible to antibody. 
Other clusters of amino acid substitutions occur on the surface of the 
molecule at positions 113, 114 and 121, 122. 
GHS-B6 and B13 birds are equally capable of mounting a humoral 
response when challenged with GHL. Examination of the immune response 
curves shows further identity between the two sublines here. Because 
the B13 birds produce an antibody response to GHL equal to the B6 
response, we cannot suggest that their lower response to other 
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lysozymes or other antigens is a result of their being immunologically 
deficient. 
Crossreactivity of the Antisera 
The crossreactivity of antisera raised against one lysozyme with 
the lysozyme of another species indicates a shared antigenic 
determinant(s). These shared determinants are the result of amino 
acid sequence similarities, shared by the immunogen and the 
crossreacting antigen, which are recognized as foreign by the host. 
From the table of amino acid sequences (Figure 24) it can be seen that 
TEL and PhL share identical amino acid substitutions at positions 3 
and 73. PhL and GHL share identical substitutions at amino acid 
positions 113, 114 and 122. GHL and TEL have no amino acid 
substitutions in common. The presence of these shared amino acid 
substitutions permits analysis of antigenic determinants on the 
molecules. 
Antisera of B6 birds immunized with TEL crossreacts with PhL. 
This crossreactivity implicates the Phe->-Tyr substitution at position 3 
and/or the Arg+Lys substitution at position 70 as part of an antigenic 
determinant shared between TEL and PhL recognized by B6 line chicken. 
The Phe->Tyr substitution is a significant factor in determining 
the immunogenicity of lysozyme in BIO mice. Phe at position 3 induces 
suppression of the lysozyme response (Adorini et al., 1979). Further, 
the first 3 amino acids form a major antigenic determinant recognized 
in the primary response of BIO mice to HEL (Wicker et al., 1984b). 
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The Phe^Tyr substitution at amino acid position 3 is the most 
probable site of the antigenic determinant shared by PhL and TEL. 
This substitution involves the exchange of a polar amino acid for a 
nonpolar one while the Arg->Lys substitution at position 70 is of a very 
conserved nature. 
125 Unlabeled PhL does not compete with I-labeled TEL to the same 
extent as unlabeled TEL in absorbing the anti-TEL antibodies of B6 
birds. This indicates that this antibody response is not entirely 
directed towards the shared determinants or, that amino acid 
differences between PhL and TEL in the vicinity of position 3 
(possibly at position 41 where TEL contains His and PhL contains Gly) 
interfere with the binding of antibody to this determinant. 
B5 antisera to TEL does not react with GHL with which no amino 
acid substitutions are shared nor with the chicken's own HEL. This 
indicates that the antibody response is directed toward sites of amino 
acid substitution and not to inherent antigenic sites on the molecule 
as has been suggested by others (Atassi, 1978; Atassi, 1980). 
Both GHS-B6 and B13 birds produce antisera to GHL which 
crossreacts with PhL (crossreactive antibody predominates in the 
response of B6 birds). GHL and PhL share amino acid substitutions in 
common at positions 113, 114 and 122. Of these substitutions, the one 
at position 113 involves the exchange of an uncharged Asp sidechain 
for a positively charged Lys sidechain. At position 114 there is the 
substitution of an Arg sidechain for the imidazole sidechain of His 
and at position 122, there is the conservative exchange of the 
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aliphatic sidechain of Ala with a Val sidechain. The most probable 
site of the shared antigenic determinant recognized in the anti-GHL 
response involves amino acids 113 and 114. Absorption of anti-GHL 
with increasing amounts of PhL reduces the sera's ability to react 
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with I-GHL. The remaining reactivity of the antisera with GHL is 
directed toward GHL-specified determinants. Since anti-GHL antisera 
produced by both B6 and B13 birds does not react with bobwhite quail 
lysozyme (BQL), with which it shares amino acid substitutions at 
positions 40, 55, 84 and 91, GHL specific determinants must revolve 
around amino acid substitutions at positions 92, 121 or 125. At 
position 92 is a conservative Val-Ala substitution. At position 125 
is a conservative Arg-Lys substitution while at position 121, an 
uncharged Gin residue is replaced by a positively charged Arg. The 
Gln-*'Arg substitution is the most likely candidate to be part of the 
GHL-specific determinant. Anti-GHL antisera does not react with TEL 
with which it shares no amino acid substitutions in common nor does it 
show reactivity with HEL. 
Although PhL shares amino acid substitutions in common with both 
TEL and GHL, neither B6 nor B13 anti-PhL shows crossreactivity with 
these lysozymes. Besides the added Gly residue at the N-terminal end 
of the molecule, the following substitutions are solely found on PhL: 
His->Metl5; Gln-KSly 41; Asn->His 77 and Gln-^Asn 121. Only the 
substitution at position 121 is relatively conservative allowing for 
the possibility of PhL-specific determinants at any or all of the 4 
remaining sites of substitution on the PhL molecule. 
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The absence of antibodies crossreactive with GHL or TEL after 
immunizing with PhL is puzzling as PhL shared determinants appear to 
be major antigenic determinants in the response of GHs line birds to 
GHL or TEL. At least 3 possibilities exist which might explain the 
absence of these crossreactive antibodies in the anti-PhL response: 
1. the shared determinants on PhL may not be presented to 
reactive T cell or B cell populations, 
2. the response against the shared determinants may be actively 
suppressed, 
3. or the production of antibodies for PhL-specific 
determinants may be favored because of their higher affinity 
or because they carry a selected idiotype. 
This last possibility, which is termed a maturation of the immune 
response, is generally observed only when an antigen is given at such 
a low dosage that B cells of different specificity actually compete 
for available antigen. Also, the effect of maturation does not 
usually lead to a restricted antibody response but rather, to the 
production of high affinity antibodies to an increasing number of 
determinants. The antisera generally becomes more crossreactive and 
not less. 
Idiotypic selection is observed in the response of B10.D2 mice to 
HEL in which virtually all of the antibody is directed towards the N-C 
peptide of the molecule (a.a. 1-17: cys6-cysl27: 120-129). These 
antibodies, carrying a common idiotypic determinant, are selected for 
by a population of idiotype reactive T helper cells. This mechanism 
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provides a possible explanation for the determinant selection seen in 
the anti-PhL response. Clones of B cells producing antibody to PhL 
specific determinants may share a common idiotype and be selectively 
expressed in the anti-PhL response. 
Crosspriming Between OIL and PhL 
The possibility that the shared determinants on the PhL molecule 
are not presented to a responding cell population, or that the 
response to these determinants is suppressed, was examined through a 
crosspriming experiment (Figure 23). Birds given a primary 
immunization of either PhL or GHL were challenged 4 weeks later with 
the alternate antigen. The humoral response was assayed for antibody 
directed towards determinants restricted to the priming antigen, the 
challenging antigen and to determinants shared by both antigens. 
Analysis was aided by the fact that these lysozymes are not 
immunogenic when injected intravenously in saline without a prior 
intramuscular injection of the lysozyme in CFA. 
The responses of GHs B6 and B13 birds to the crosspriming 
experiment differed significantly. Crossimmunization produced a strong 
humoral response to the challenge antigen in 86 birds while B13 birds 
required primary and secondary immunizations with the same antigen to 
produce a humoral response. 
A primary immunization with PhL does not suppress the response of 
GHS-B6 birds to the shared determinants of PhL and GHL. In fact, 
PhL-primed B6 birds, challenged with GHL, produce a strong antibody 
response to PhL-GHL shared determinants. Apparently, prior 
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immunization with PhL primes B6 birds to respond to these shared 
determinants after they are challenged with GHL. Suppression remains 
a possibility for the lack of crossreactive antibody in the B13 bird's 
response to PhL. 
B6 birds given a primary immunization with GHL produce antibodies 
to GHL-PhL shared and PhL specific antigenic determinants when 
challenged with PhL. The presence of antibody specific for PhL 
determinants indicates that the primary immunization with GHL was able 
to prime B6 birds for a response to determinants not found on the GHL 
molecule itself. The presence of these PhL specific antibodies, 
without their total dominance of the response, negates our previous 
suggestion that idiotypic selection directs the anti-PhL response to 
produce only PhL-specific antibodies. Such selective pressure would 
also be manifest here and only PhL-specific antibodies would be 
observed. 
Possible T Cell Epitopes 
Just as the antibody crossreactivities have allowed us to suggest 
the sites of probable antigenic determinants, the crosspriming 
experiment allows us to draw some conclusions concerning the epitopes 
recognized by lysozyme reactive T cells. 
As reported in the previous section, a primary injection of 
GHS-B6 birds with GHL or PhL will enable these birds to produce 
antibodies specific for the alternate antigen when it is later given 
in a secondary, saline immunization. The ability for such 
crosspriming indicates that the T cell determinant recognized by B6 
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birds on PhL is also present and stimulatory on the GHL molecule. In 
the search for possible shared T cell determinants, the amino acid 
substitutions at positions 113 and 114 are implicated. The T cell 
determinants on a protein are necessarily sequential determinants 
since partial degradation of the protein is required for the 
presentation of antigen to the T cell (Shimonkevitz et al., 1983). 
Because the response generated by this epitope results in the 
production of antibodies to PhL shared and specific determinants, it 
is possible that this is the only epitope recognized by B6 T cells on 
the PhL molecule. It is interesting to note that a single epitope 
containing amino acids 113 and 114 is recognized by the T cells of the 
B10.D2 mouse strain in response to lysozyme. 
Though B6 birds recognize a common T cell epitope on GHL and PhL, 
GHL may carry other, unshared epitopes. B6 birds given a primary 
immunization with PhL will produce a response when challenged with 
GHL, but this response is limited to the determinants shared with PhL; 
there is no GHL-specific response. This implies that at least one 
additional epitope, found exclusively on the GHL molecule, is 
recognized by B6 T cells which provides for the response to 
GHL-specific determinants. 
The suspicion that only a single T cell epitope exists on the PhL 
molecule surrounding residues 113 and 114 provides a possible 
explanation for the restriction of the anti-PhL response to 
PhL-specific determinants. Previously it was suggested that the 
shared antigenic determinant between PhL and GHL also surrounded the 
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amino acids 113 and 114. If we accept the necessity of a direct 
antigen bridge between B cells and T cells, a T cell with its antigen 
receptor bound to amino acids at positions 113 and 114 could only 
present antigenic determinants distant from this site and necessarily 
PhL-specific determinants. This argument has been proposed by Cecka 
et al. (1976) to explain the inability of rabbits immunized with 
Japanese quail egg white lysozyme to produce antibody against a site 
surrounding a T cell epitope. Immunization with GHL, which carries an 
additional determinant outside residues 113 and 114, could present 
this site to B cells capable of producing antibody to this shared 
determinant. 
The inability of GHS-B13 birds to show crosspriming between GHL 
and PhL indicates that these birds do not recognize a T cell epitope 
shared by these molecules. This allows for the possibility of T cell 
determinants present at any of several sites on the GHL and PhL 
molecules, but rules out the possibility of a determinant present at 
amino acid positions 113 and 114. 
Determinant Selection Hypothesis 
The immunological differences between B6 and B13 birds, which 
have manifested themselves in the ability to respond to antigen, in 
the production of different levels of antibody and in the selection of 
T cell determinants may all be the result of these birds carrying 
different B-L region encoded molecules. In the mouse, the la 
molecules, homologues of the B-L molecules, serve two functions. They 
are involved in the selection of the T cell repertoire during 
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development, selecting for expansion only those T cell clones 
recognizing self determinants on the la molecule. This selection 
process is necessary for their second function in which the la 
molecule presents antigen to a specific T cell population with 
receptors for sites both on the la molecule and the antigen. 
The complex interaction of antigen, la molecule and T cell 
receptor have required the introduction of several terms describing 
the various points of contact between these molecules. The presently 
accepted nomenclature of Goodman and Sercarz (1983) is presented with 
the trimolecular model in Figure 25. Residues on the la molecule 
which directly interact with antigen make up the region known as the 
desetope (for determinant selection). The desetope binds to the site 
on the antigen designated agretope (antigen recognition). The T cell 
receptor binds to the antigen-la complex, recognizing determinants on 
the antigen (the epitope) and self determinants on the la molecule 
(the histotope). 
With the above model in mind, the nonresponsiveness of the B13 
birds to TEL, may be the result of either a "hole" in the T cell 
repertoire of the 813 birds or in the inability of the B13 B-L 
molecule to present TEL to a responsive T cell population. Because we 
are dealing with an antigen having a very limited degree of 
foreignness, it is quite possible that no suitable anchorage site is 
available on TEL for the B13 B-L molecule or that the association of 
antigen with the B-L molecule would only present an epitope recognized 
89 







Figure 25. The trimolecular model of Goodman and Sercarz (1983) 
indicating the complex interaction between antigen, 
T cell receptor and class II molecule on the surface 
of the antigen presenting cell (APC) 
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as a self-determinant. A T cell population responding to such a 
determinant would have been deleted during ontogeny. 
This study does not rule out the possibility of suppression 
acting upon the response to TEL in the B13 birds, however, the high 
dose of antigen and the inability of TEL coupled to an immunogenic 
carrier (SRBCs) to stimulate an immune response makes suppression an 
unlikely mechanism. 
In the response to PhL, B6 and B13 T cells recognize different 
epitopes on the molecule probably because of a favored presentation of 
these epitopes by their respective B-L molecules. The stimulation of 
different populations of T cells results in conferring help to 
different clones of B cells and, ultimately, to the observed 
differences in antibody level. Because the B13 B-L molecule cannot 
present the shared epitope on PhL and GHL, this also explains why 
crosspriming between the two antigens does not result in a response in 
B13 birds. 
It must be realized that, while the results of this research do 
not prove that the response to lysozyme is regulated by B-L molecule 
directed antigen presentation, they are consistent with this 
hypothesis. This, in conjunction with our knowledge that the 
anti-lysozyme response is linked to the B complex and that GHs-B6 and 
B13 birds differ in their B-L molecules coded for by this complex, 
makes the response to lysozyme by the chicken an excellent model for 
evaluating the determinant selection hypothesis first proposed by 
Rosenthal (1978). 
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Recently, others have attempted to study the process of 
determinant selection utilizing small peptides from lysozyme (Allen 
and Unanue, 1984; Shastri et al., 1985) and cytochrome c (Hansburg and 
Ape11a, 1985) carrying sites which they believe comprise a single T 
cell epitope. The boundaries of these epitopes are defined by the 
reactivity of cloned T cell lines to variant peptides isolated from 
homologous proteins of other species. Though x-ray crystallography 
has established that these naturally occurring substitutions have no 
appreciable effect on the conformation of the intact molecule, those 
same substitutions occurring in a small peptide may cause a 
considerable effect. Such peptides may present to the T cells an 
epitope bearing little resemblance to that presented in the response 
to the intact protein. 
In the chicken, the lysozyme of a closely related species may 
present only a single T cell epitope eliminating the need of an 
isolated peptide. Epitopes can be readily distinguished through the 
use of naturally occurring amino acid sequence variants as has been 
done in this study. 
Isoplications to Avian Inmunology 
The use of the chicken in immunological research has been sorely 
neglected considering the fact that it affords the opportune existence 
of separated compartments for the development of T cell and B cell 
populations. A concentrated effort in studying the genetic control of 
the immune responses in the mouse has lead to an extensive 
characterization of the mouse MHC as compared to the sparse knowledge 
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of the chicken MHC. Preliminary evidence suggests, however, that the 
B complex is a MHC, coding for fully functional class I and class II 
molecules and a unique class IV molecule. Further characterization of 
this MHC will make it more useful in the comparative study of immune 
phenomena in different species. 
In the present study, a locus designated Ir-GEL, regulating the 
immune response to avian egg white lysozymes has been demonstrated and 
linked to the Ea-B blood group locus which itself serves as a marker 
for the chicken MHC. On the basis of its function, Ir-GEL may serve 
as a marker for the immune response region of the B complex. As such, 
it allows for the examination for linkage of genes conferring disease 
resistance or influencing production traits. Such linkages have been 
reported by our laboratory associated with the immune response to GAT. 
In the SI line, the ability to regress tumors induced by inoculation 
with Rous sarcoma virus is associated closely with the immune response 
to GAT (Nordskog and Gebriel, 1983). The ability to respond to GAT 
has also previously been associated with a greater resistance to 
Marek's disease (Pevzner et al., 1981). Disease resistance traits 
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would be expected to ba more closely associated with regions 
controlling the immune response than to a region coding for a red 
blood cell antigen. 
Finally, the system developed in this study which allows for the 
determination of the immune response to single antigenic determinants 
on a native protein may aid in the finding of recombinants occurring 
between B-L and B-F regions of the B complex. Very few recombinants 
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have been detected between the immune response (B-L) region and the 
histocompatibility regions (B-F and B-G) of the B complex. This is 
generally considered to be a consequence of the low recombination 
frequency for B complex loci. Added to this may be the impaired 
ability to detect recombinants because of the multideterminant 
antigens used to study the immune response. Such difficulty was 
demonstrated in this study as regards the immune response to GHL. B6 
and B13 birds appear identical in their response to GHL, birds of both 
sublines producing a strong antibody response to the immunogen, the 
two sublines however are responding to two very different regions on 
the GHL molecule. The use of a panel of lysozymes, carrying only a 
few determinants each, allowed for the analysis of the immune response 
to single determinants increasing the likelihood of detecting a 
difference in the humoral response. 
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SUMMARY 
Immune response genes linked to the chicken B complex controlling 
the humoral response to egg white lysozymes were identified. This 
study represents the first attempt in avian immunology to use a 
well-defined native protein of limited antigenicity to investigate the 
genetic regulation of the humoral response. 
Birds of two sublines, with common origin but carrying different 
B serotypes, were the principal subjects of the study. The GHs-B6 and 
B13 sublines carry the B6 and B13 alleles, respectively, at the Ea-B 
blood group locus. Following immunization with one of 3 isolated 
lysozymes (turkey, pheasant or guinea hen), the sera's reactivity with 
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the I-labeled immunogen was measured by a radioimmunoassay 
procedure. A response curve was determined for each antigen and the 
specificity of each response was analyzed by RIA competition assays. 
The results show that the ability to respond to lysozyme is 
controlled by genes associated with the major histocompatibility 
complex. Birds of the GHs-B6 subline produced a strong humoral 
response to lysozyme isolated from the egg whites of each of the three 
species. Birds of the GHs-B13 subline did not respond to turkey 
lysozyme; they were intermediate in response to pheasant lysozyme and 
equalled the GHs-B6 birds in their humoral response to guinea hen 
lysozyme. 
The response to turkey egg white lysozyme in the GHs line was 
tested for linkage to the B complex. Birds of the F1 generation (B6 
B13 birds) were responders. In the F2 (B6 B13 x B6 B13) and F1 
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backcross generations (B6 B13 % B6 36 or B6 B13 x B13 B13) the ability 
to respond always segregated with the B6 allele but all B13 
homozygotes were nonresponders. This, however probably was not a 
unique characteristic of the B13 allele. B13 homozygous birds of the 
GH line, the parental inbred line of GHs, continued to segregate for 
responsiveness to turkey egg white lysozyme. 
Examination of an unrelated line (line SI) which segregated for 
high and low immune responsiveness to the synthetic polymer GAT, 
revealed no apparent association between the humoral response to GAT 
and the response to turkey egg white lysozyme. Birds of the SI line 
failed to respond to turkey lysozyme irrespective of their B 
haplotype. 
Utilizing the well-characterized lysozymes from four closely 
related species permitted examination of the specificity of the 
humoral response by the chicken. Competition assays indicated that 
the response was directed only towards those sites on the lysozyme 
molecule differing in amino acid sequence from the chicken's own 
lysozyme. Only those lysozymes containing identical amino acid 
substitutions with the immunogen showed crossreactivity with 
antibodies elicited by the immunogen. Not all amino acid 
substitutions were immunogenic. Immunization with pheasant lysozyme 
did not produce antibodies reactive with turkey or guinea hen lysozyme 
though it shares amino acid substitutions in common with both 
proteins. 
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Differences also existed between the two sublines as regards the 
specificity of their antibody response. Birds of the GHs-B6 subline 
immunized with guinea hen lysozyme produced antibody which recognized 
a determinant shared with pheasant lysozyme. GHs-B13 birds produced a 
response to the specific determinants of guinea hen lysozyme. 
The similar immunogenic nature of two lysozymes was shown by the 
ability of one lysozyme to prime for a secondary response to the 
other. GHS-B6 birds, given a primary immunization of GHL, will 
produce a secondary response to PhL shared determinants after a 
secondary saline immunization with pheasant lysozyme. If the sequence 
of immunization is reversed, these birds produce a secondary humoral 
response to the shared determinants of guinea hen and pheasant 
lysozyme and also to determinants specificity on the pheasant lysozyme 
molecule. GHs-B13 birds do not show this ability for 
cross-stimulation. Such differences between the sublines are probably 
a consequence of two different molecules encoded by the B-L region 
which confer to the antigen presenting cells, a different set of 
instructions with reference to determinant selection. 
97 
REFERENCES 
Adorini, L., A. Miller, and E. E. Sercarz. 1979a. The fine 
specificity of regulatory T cells I. Hen egg-white 
lysozyme-induced suppressor T Cells in a genetically nonresponder 
mouse strain do not recognize a closely related immunogenic 
lysozyme. J. Immunol. 122(3): 871-877. 
Adorini, L., M. Harvey, A. Miller, and E. E. Sercarz. 1979b. Fine 
specificity of regulatory T cells II. Suppressor and helper T 
cells are induced by different regions of hen egg-white lysozyme 
in a genetically nonresponder mouse strain. J. Exp. Med. 
150:293-306. 
Adorini, L., M. Harvey, and E. E. Sercarz. 1979c. The fine 
specificity of regulatory T cells IV. Idiotypic complementarity 
and antigen-bridging interactions in the anti-lysozyme response. 
Eur. J. Immunol. 9:906-909. 
Allen, P. M., and E. R. Unanue. 1984. Processing and presentation of 
hen egg-white lysozyme by macrophages. Immunobiology 
168:182-188. 
Arnheim, N., E. M. Prager, and A. C. Wilson. 1969. Immunological 
prediction of sequence differences among proteins - chemical 
comparison of chicken, quail and pheasant lysozymes. J. Biol. 
Chem. 244:2085-2094. 
Arnon, R., and M. Sela. 1969. Antibodies to a unique region in 
lysozyme provoked by a synthetic antigen conjugate. P. NAS. U.S. 
62:163. 
Atassi, M. Z., and B. J. Salpin. 1968. Immunochemistry of sperm 
whale myoglobin I. Specific interaction of some tryptic peptides 
and of peptides containing all reactive regions of antigen. 
Biochemistry 7:688-698. 
Atassi, M. Z. 1975. Antigenic structure of myoglobin: the complete 
immunochemical anatomy of a protein and conclusions relating to 
antigenic structures of proteins. Immunochemistry 12:423-438. 
Atassi, M. Z. 1978. Precise determination of the entire antigenic 
structure of lysozyme. Immunochemistry 15:909-936. 
Atassi, M. Z. 1980. Precise determination of protein antigenic 
structures has unravelled the molecular immune recognition of 
proteins and provided a prototype for synthetic mimicking of 
other protein binding sites. Molecular and Cellular Biochemistry 
32:21-43. 
98 
Atassi, M. Z., and A. L. Kazim. 1980. Distance calculation of 
residues neighboring to lysozyme antigenic sites. Biochem. J. 
187:163-172. 
Balcarova, J., K. Hala, and T. Hraba. 1973a. Differences in antibody 
formation to the dinitrophenol group in inbred lines of chickens. 
Fol. Biol. (Praha), 19:19-24. 
Balcarova, J., J. Medlin, K. Hala, and T. Hraba. 1973b. Immune 
response to pneumococcal polysaccharide in inbred lines of 
chickens. Fol. Biol. (Praha) 19:221-224. 
Balcarova, J., J. Derka, K. Hala, and T. Hraba. 1974. Genetic 
control of immune response to the dinitrophenol group in inbred 
lines of chickens. Fol. Biol. (Praha) 20:346-349. 
Benedict, A. A., L. W. Pollard, R. R. Morrow, H. A. Abplanalp, P. H. 
Maurer, and W. E. Briles. 1975. Genetic control of immune 
response in chickens. Immunogenetics 2:313-324. 
Benjamin, C. D., A. Miller, E. E. Sercarz, and M. A. Harvey. 1980. A 
predominant idiotype on anti-hen egg white lysozyme antibodies 
from diverse mouse strains. J. Immunol. 125(3):1017-1025. 
Benjamini, E., C. Leung, K. Wong, D. Michaeli, H. Scheuenson, and P. 
Horn, 1972. Immunologic activity of synthetic peptides related 
to collagen. Fed. Proc. 31(2):A761. 
Biozzi, G., C. Stiffel, D. Mouton, and Y. Bouthiller. 1975. 
Selection of lines of mice with high and low antibody response to 
complex immunogens. Pages 179-200 B. Benacerraf, ed. 
Immunogenetics and Immunodeficiency. University Park Press, 
Baltimore. 
Briles, W. E., W. H. McGibbon, and M. R. Irwin. 1948. Studies of the 
time development of cellular antigens in the chicken. Genetics 
33:97. 
Briles, W. E., W. H. McGibbon, and M. R. Irwin. 1950. On multiple 
alleles effecting cellular antigens in the chicken. Genetics 
35:633-652. 
Briles, W. E. 1972. Gene frequency profile of eleven blood group 
systems in three commercial inbred parent lines of chickens. 
Pages 415-418 iji Xllth European Conference on Animal Blood Groups 
and Biochemical Polymorphism. Akademiai Kiado, Budapest. 
Briles, W. E., and R. W. Briles. 1982. Identification of haplotypes 
of the chicken major histocompatibility complex (B). 
Immunogenetics 15:449-459. 
99 
Bisati, S., and C. H. Brogen. 1980. Identification and 
immunochemical characterization of chicken MHC alloantigens in 
lymphocytes and serum. Scand. J. Immunol. 12:532. 
Cecka, J. M., J. A. Stratton, A. Miller, and E. Sercarz. 1976. 
Structural aspects of immune recognition of lysozymes: III. T 
cell specificity restriction and its consequences for antibody 
specificity. Eur. J. Immunol. 6:639-646. 
Cheng, Shen. 1985. Inbreeding and the spread of genes in a sublined 
Leghorn population. M. S. Thesis. Iowa State University. 67 
pp. University Library, Ames, lA (Diss. Abstr. Int. laAS 22 Jan 
86 13049349 IWA Ant). 
Cole, R. K. 1968. Studies on genetic resistance to Marek's disease. 
Avian Diseases 12:9-28. 
Crone, M., J. Jensenius, and C. Koch. 1981a. Evidence for two 
populations of B-L (la-like) molecules encoded by the chicken 
MHC. Immunogenetics 13:381-391. 
Crone, M., J. C. Jensenius, and C. Koch. 1981b. B-L antigens 
(la-like antigens) of the chicken major histocompatibility 
complex. Scand. J. Immunol. 14:591-597. 
Crone, M., M. Simonsen, K. Skjodt, K. Linnet, and L. Olsson. 1985. 
Mouse monoclonal-antibodies to class I and class II antigens of 
the chicken MHC - evidence for at least 2 class I products of the 
B complex. Immunogenetics 21(2); 181-187. 
Crumpton, M. J. 1974. Protein antigens: the molecular basis of 
antigenicity and immunogenicity. Pages 1-78 in M. Sela Ed. The 
Antigens. Academic Press, N. Y. 
Dickerson, R. E., T. Takano, D. Eisenberger, 0. B. Kallai, L. Samson, 
A. Cooper, and E. Margoliash. 1971. Ferricytochrome C I. 
General features of horse and bonito proteins at 2.8A resolution. 
J. Biol. Chem. 246(5):1511. 
Ewert, D. L., and M. D. Cooper. 1978. la-like alloantigens in the 
chicken: serologic characterization on ontogeny of cellular 
expression. Immunogenetics 7:521-535. 
Ewert, D. L., D. G. Gilmour, W. E. Briles, and M. D. Cooper. 1980. 
Genetics of la-like alloantigens in chickens and linkage with B 
major histocompatibility complex. Immunogenetics 10:169-174. 
Fink, M. A. and V. A. Quinn. 1953. Antibody production in inbred 
strains of mice. J. Immunol. 70:61-67. 
100 
Freedman, M. H., and M. Sela. 1966. Recovery of antigenic activity 
upon reoxidation of completely reduced poly alanyl rabbit 
immunoglobin G. J. Biol. Chem. 241:2383. 
Gebriel, G. M., and A. W. Nordskog. 1983. Genetic linkage of 
subgroup C Rouse sarcoma virus-induced tumour expression in 
chickens to the IR-GAT locus of the B complex. Immunogenetics 
10(3):231-235. 
Gilmour, D. G., and J. R. Morton. 1971. Association of genetic 
polymor phisms with embryonic mortality in chicken III. 
Interactions between 3 loci determining egg white proteins. 
Theor. A. Gen. 41(2):57. 
Goodman, J. W. and E. E. Sercarz. 1983. The complexity of structures 
involved in T-cell activation. Pages 465-498 in W. E. Paul, ed. 
Annual review of immunology, Vol. 1. Annual Reviews Inc., Palo 
Alto, Calif. 
Gorer, P. A. 1936. Antigenic differences in mouse erythrocytes. 
Brit. J. Exp. Pathol. 17:42-50. 
Gunther, E., J. Balcarova, K. Hala, E. Rude, and T. Hraba. 1974. 
Evidence for an association between immune responsiveness of 
. chicken to (T,G)-A—L and the major histocompatibility system. 
Eur. J. Immunol. 4:548-550. 
Hala, K., M. Vilhelmova, and J. Hartmanova. 1976. Probable 
crossing-over in the B blood group system of chickens. 
Immunogenetics 3:97-103. 
Hansburg, D., and E. Appella. 1985. The sites of antigen-T cell and 
antigen-MHC interactions overlap. J. Immunol. 135(6):3712-3718. 
Hansen, M. P., J. N. van Zandy, and G. R. J. Law. 1967. Differences 
in susceptibility to Marek's disease in chickens carrying two 
different B locus blood group alleles. Poultry Sci. 46:1268, 
1967. 
Harvey, M. A., L. Adorini, A. Miller, and E. E. Sercarz. 1979. 
Lysozyme-induced T-suppressor cells and antibodies have a 
predominant idiotype. Nature 281:594-596. 
Heber, Katz, E., D. Hansburg, and R. H. Schwartz. 1983. The la 
molecule of the antigen-presenting cell plays a critical role in 
immune response gene regulation of T cell activation. J. Mol. 
Cell. Immunol. 1:3-14. 
Hill, S. W., and E. E. Sercarz. 1975. Fine specificity of the H-2 
linked immune response gene for gallinaceous lysozymes. Eur. J. 
Immunol. 5:317-324. 
101 
Gebriel, G. M., and A. W. Nordskog. 1983. Genetic linkage of 
subgroup C Rouse sarcoma virus-induced tumour expression in 
chickens to the IR-GAT locus of the B complex. Immunogenetics 
10(3)-.231-235. 
Gilmour, D. G., and J. R. Morton. 1971. Association of genetic 
polymor phisms with embryonic mortality in chicken III. 
Interactions between 3 loci determining egg white proteins. 
Theor. A. Gen. 41(2):57. 
Goodman, J. W. and E. E. Sercarz. 1983. The complexity of structures 
involved in T-cell activation. Pages 465-498 in W. E. Paul, ed. 
Annual review of immunology. Vol. 1. Annual Reviews Inc., Palo 
Alto, Calif. 
Gorer, P. A. 1936. Antigenic differences in mouse erythrocytes. 
Brit. J. Exp. Pathol. 17:42-50. 
Gunther, E., J. Balcarova, K. Hala, E. Rude, and T. Hraba. 1974. 
Evidence for an association between immune responsiveness of 
chicken to (T,G)-A—L and the major histocompatibility system. 
Eur. J. Immunol. 4:548-550. 
Hala, K., M. Vilhelmova, and J. Hartmanova. 1976. Probable 
crossing-over in the B blood group system of chickens. 
Immunogenetics 3:97-103. 
Hansburg, D., and E. Appella. 1985. The sites of antigen-T cell and 
antigen-MHC interactions overlap. J. Immunol. 135(6):3712-3718. 
Hansen, M. P., J. N. van Zandy, and G. R. J. Law. 1967. Differences 
in susceptibility to Marek's disease in chickens carrying two 
different B locus blood group alleles. Poultry Sci. 46:1268, 
1967. 
Harvey, M. A., L. Adorini, A. Miller, and E. E. Sercarz. 1979. 
Lysozyme-induced T-suppressor cells and antibodies have a 
predominant idiotype. Nature 281:594-596. 
Heber, Katz, E., D. Hansburg, and R. H. Schwartz. 1983. The la 
molecule of the antigen-presenting cell plays a critical role in 
immune response gene regulation of T cell activation. J. Mol. 
Cell. Immunol. 1:3-14. 
Hill, S. W., and E. E. Sercarz. 1975. Fine specificity of the H-2 
linked immune response gene for gallinaceous lysozymes. Eur. J. 
Immunol. 5:317-324. 
102 
Ibrahimi, I. M., E. M. Prager, T. J. White, and A. C. Wilson. 1979. 
Amino acid sequence of California quail lysozyme. Effect of 
evolutionary substitutions on the antigenic structure of 
lysozyme. Biochemistry 18(13):2736-2744. 
Ibrahimi, I. M., J. Eder, E. M. Prager, A. C. Wilson, and R. Arnon. 
1980. The effect of a single amino acid substitution on the 
antigenic specificity of the loop region of lysozyme. Mol. 
Immunol. 17:37-46. 
Ipsen, J. 1959. Differences in primary and secondary immunizability 
of inbred mice strains. J. Immunol. 83:448-457. 
Jaffe, W. P., and E. M. McDermid. 1962. Blood groups and 
splenomegaly in chick embryos. Science 137:984. 
Katchalski, E., and M. Sela. 1958. Synthesis and chemical properties 
of poly-amino acids. Pages 243-492 in C. B. Anfinsen, M. L. 
Anson, K. Bailey, and J. T. Edsal Eds. Advances in protein 
chemistry. Academic Press, N. Y. 
Katz, M. E., R. M. Maizels, L. S. Wicker, A. Miller, and E. E. 
Sercarz. 1982. Immunological focusing by the mouse major 
histocompatibility complex: mouse strains confronted with 
distantly related lysozymes confine their attention to very few 
epitopes. Eur. J. Immunol. 12:535-540. 
Klein, J. 1982. Evolution and function of the major 
histocompatibility complex. Page 223 P. Parham and J. 
Strominger (Eds.) Histocompatibility antigens: Structure and 
function (receptors and recognition. Series B, Volume 14). 
Chapman and Hall, London. 
Koch, C., and M. Simonsen. 1977. Immune response genes in chickens. 
Immunogenetics 5:161-170. 
Kozelka, A. W. 1933. Serological studies of tissue antagonism in the 
domestic fowl. Phys. Zool. 6(2): 159-184. 
Landsteiner, K. 1936. The specificity of serological reactions. 
Charles C. Thomas Press, Springfield, Illinois. 
Landsteiner, K. and C. P. Miller. 1925. Serological studies on the 
blood of primates. III. Distribution of serological factors 
related to human isoagglutinogens in the blood of lower monkeys. 
J. Exp. Med. 42(1925):841. 
MacPherson, C. F. C., and M. Heidelberger. 1945. Denatured egg 
albumin III. Quantitative immunochemical studies on crystalline 
egg albumin denatured in various ways. J. Amer. Chem. Soc. 
67:585-591. 
103 
Maizels, R. M., J. A. Clarke, M. A. Harvey, A. Miller, and E. E. 
Sercarz. 1980. Ir-gene control of T cell proliferative 
responses: two distinct expressions of the genetically 
nonresponsive state. Eur. J. Immunol. 10:516-520. 
Maron, E., C. Shiozawa, R. Arnon and M. Sela. 1971. Chemical and 
immunological characterization of a unique antigenic region in 
lysozyme. Biochemistry 10(5):763. 
Masson, J. C. 1918. Skin grafting. Jour. Amer. Med. Assn. 
83:183-189. 
McDevitt, H. 0., and M. Sela. 1966. Relationship of antibody 
response to histocompatibility antigens. Arth. Rheum. 11:107. 
McDevitt, H. 0., and B. D. Deak, D. C. Shreffler, J. Klein, J. H. 
Stimpfling, and G. D. Snell. 1972. Genetic control of 
immune-response mapping of IR-I locus. J. Exp. Med. 
135(6):1259-1278. 
McDevitt, H. 0., and M. Sela. 1967. Genetic control of the antibody 
response II. Further analysis of the specificity of 
determinant-specific control, and genetic analysis of the 
response to (H,G)-A—L in CBA and C57 mice. J. Exp. Med. 
125(5);969-978. 
Metzger, D. W., L. Ch'ng, A. Miller, and E. E. Sercarz. 1984. The 
expressed lysozyme-specific B cell repertoire I. Heterogeneity 
in the monoclonal anti-hen egg white lysozyme specificity 
repertoire, and its difference from the iji situ repertoire. Eur. 
J. Immunol. 14:87-93. 
Miller, A., L.-K. Ch'ng, C. Benjamin, E. Sercarz, P. Brodeur, and R. 
Riblet. 1983. Detailed analysis of the public idiotype of 
anti-hen egg-white lysozyme antibodies. Ann. NY Acad. Sci 
418:410-414. 
Miller, S. D., R. W. Melvold, and C. Waltenbaugh. 1984. Mechanisms 
of genetic control of immune responses I. Evidence for distinct 
multi-step helper T-cell pathway in cellular and humoral 
responses to GAT. Immunogenetics 19:391-407. 
Mozes, E., E. Maron, R. Arnon, and M. Sela. 1971. Strain-dependent 
differences in the specificity of antibody responses toward 
lysozyme. J. Immunol. 106(3);862-864. 
Mozes, E., H. 0. McDevitt, J. C. Jaton, and M. Sela. 1969. Genetic 
control of antibody specificity. J. Exp. Med. 130:1263-1265. 
104 
Nisonoff, A., M. Reichlin, and E. Margoliash. 1970. .Immunological 
activity of cytochrome C II. Localization of a major antigenic 
determinant of human cytochrome - C. J. Biol. Chem. 245(5):940. 
Nolan, C., and E. Margoliash. 1968, Comparative aspects of primary 
structure of proteins. Ann. R. Bioch. 37:727. 
Nordskog, A. W. and G. M. Gebriel. 1983. Genetic aspects of Rous 
Sarcoma induced tumor expression in chickens. Poultry Science 
62(5):725-732. 
Okuda, K., S. Sakata, M. Z. Atassi, and C. S. David. 1979. Genetic 
control of the immune response to hen's egg-white lysozyme in 
mice I. Antibody and T-lymphocyte proliferative responses to the 
native protein. J. Immunogenetics 6:447-452. 
Osserman, E. G., R. E. Canfield, and S. Beychock, eds. 1974. 
Lysozyme. New York: Academic. 
Pazderka, F., B. M. Longenecker, G. R. J. Law, H. A. Stone, and R. F. 
Ruth. 1975. Histocompatibility of chicken populations selected 
for resistance to Marek's disease. Immunogenetics 2:93-100. 
Perzner, I. Y., C. L. Trowbridge, and A. W. Nordskog. 1978. 
Recombination between genes coding for immune response and the 
serologically detected antigens in the chicken B system. 
Immunogenetics 7:25-33. 
Perzner, I. Y., I. Kujdych, and A. W. Nordskog. 1981. Immune 
response and disease resistance in chickens II. Marek's disease 
and immune response to GAT. Poultry Sci. 60:927-932. 
Pink, J. R. L., W. Droege, K. Hala, V. C. Miggiano, and A. Ziegler. 
1977. A three locus model for the chicken major 
histocompatibility complex. Immunogenetics 5:203-216. 
Prager, E. M., M. Fainaru, A. C. Wilson, and R. Arnon. 1974. 
Molecular basis of the antigenic difference between two closely 
related lysozymes of known sequence: effect of internal 
substitutions. Immunochemistry 11:153-156. 
Prager, E. M., G. W. Welling, and A. C. Wilson. 1978. Comparison of 
various immunological methods for distinguishing among mammalian 
pancreatic ribonucleases of known amino acid sequence. J. Mol. 
Evol. 10:293-307. 
Reichlin, M. 1972. Localizing antigenic determinants in human 
haemoglobin with mutants: molecular correlations of 
immunological tolerance. J. Mol. Biol. 64:485-496. 
105 
Rosenthal, A. S. 1978. Determinant selection and macrophage function 
in genetic control of the immune response. Immunol. Rev. 40:136. 
Sang, J. H., and W. R. Sobey. 1954. The genetic control of response 
to antigenic stimuli. J. Immunol. 72:52-55. 
Sarma, R., and R. Bott. 1977. Crystallographic study of turkey 
egg-white lysozyme and its complex with a disaccharide. J. Mol. 
Biol. 113:555-565. 
Schierman, Louis William. 1961. Determination of blood group 
genotypes in an inbred line of Leghorns. M.S. Thesis. Iowa 
State University. 65 pp. University Library, Ames, lA (Diss. 
Abstr. Int. IaAS51-285). 
Schierman, L. W., and A. W. Nordskog. 1961. Relationship of blood 
type to histocompatibility in chickens. Science 134:1008-1009. 
Schierman, L. W., and A. W. Nordskog. 1963. Influence of B blood 
group histocompatibility locus in chickens on graft-versus-host 
reaction. Nature 197(486):511. 
Schwan, H. K. 1919. The principle of blood grouping applied to skin 
grafting. Amer. Jour. Med. Sci. 157:503-509. 
Schwartz, R. H., J. A. Berzofsky, C. L. Horton, A. N. Schechter, and 
D. H. Sachs. 1978. Genetic control of the T lymphocyte 
proliferative response to staphylococcal nuclease: evidence for 
multiple MHC-linked Ir gene control. J. Immunol. 
120(5):1741-1749. 
Sela, M. 1969. Antigenicity - some molecular aspects. Science 
166:1365. 
Shastri, N., A. Oki, A. Miller, and E. E. Sercarz. 1985. Distinct 
recognition of phenotypes exist for T cell clones specific for 
small peptide regions of proteins. J. Exp. Med. 162:332-345. 
Shevach, E. M., and A. S. Rosenthal. 1973. Function of macrophages 
in antigen recognition by guinea pig T lymphocytes II. Role of 
the macrophage in the regulation of genetic control of the immune 
response. J. Exp. Med. 138:1213. 
Shimonkevitz, R., J. Kappler, P. Marrack, and H. Grey. 1983. Antigen 
recognition by H-2 restricted T cells I. Cell-free antigen 
processing. J. Exp. Med. 158:303-316. 
106 
Shreffler, D. C., and C. S. David. 1975. The major 
histocompatibility complex and the I immune response region: 
genetic variation, function and organization. Pages 125-195 jji 
J. F. Dixon, and H. G. Kunkle. Advances in immunology. Academic 
Press, N. Y. 
Shreffler, D. C., C. S. David, H. C. Passmore, and J. Klein. 1971. 
Genetic organization and evolution of mouse H-2 region -
duplication model. Transplantation 3(1):176. 
Simonsen, M. 1981. The major histocompatibility complex in a 
bird's-eye view. Pages 192-201 iji Immunobiology of the major 
histocompatibility complex. 7th Int. Convoc. Immunol. Niagara 
Falls, N. Y. 1980 (Karger, Basel 1981). 
Smith-Gill, S. J., A. C. Wilson, M. Potter, E. M. Prager, R. J. 
Feldmann. and C. R. Mainhart, 1982. Mapping the antigenic 
epitope for a monoclonal antibody against lysozyme. J. Immunol. 
128(l):314-322. 
Smith-Gill, S. J., T. B. Lavoie, and C. R. Mainhart. 1984. Antigenic 
regions defined by monoclonal antibodies correspond to structural 
domains of avian lysozyme. J. Immunol. 133(1):384-393. 
Smolelis, A. N., and S. E. Hartsell. 1949. The determination of 
lysozyme. J. Bact. 58:731-736. 
Stern, K., K. S. Brown, and I. Davidsohn. 1956. On the inheritance 
of natural antisheep agglutinins in mice of inbred strains. 
Genetics 41:518-527. 
Vaiman, M., J. Metzger, C. Renard, and J. Vila. 1978. Immune 
response gene(s) controlling the humoral anti-lysozyme response 
(Ir-Lys) linked to the major histocompatibility complex SL-A in 
the pig. Immunogenetics 7:231-238. 
Vaz, N. M., J. M. Phillips-Quagliata, B. B. Levine, and E. M. Vaz. 
1971. H-2- linked genetic control of immune responsiveness to 
ovalbumin and ovomucoid. J. Exp. Med. 134:1335-1346. 
Wicker, L. S., M. Katz, E. E. Sercarz, and A. Miller. 1984a. 
Immunodominant protein epitopes I. Induction of suppression to 
hen egg whit elysozyme is obliterated by removal of the first 
three N-terminal amino acids. Eur. J. Immunol. 14:442-447. 
Wicker, L. S., C. D. Benjamin, A. Miller, and E. E. Sercarz. 1984b. 
Immunodominant protein epitopes II. The primary antibody 
response to hen egg white lysozyme requires and focuses upon a 
unique N-terminal epitope. Eur. J. Immunol. 14:447-453. 
107 
Yuzuriha, T., K. Katayama, and J. Tsutsumi. 1978. Studies on 
biotransformation of lysozyme IV. Radioimmunoassay of lysozyme 
and its evaluation. Chem. Phar. Bull. 26(3):908-914. 
Ziegler, A., and J. R. L. Pink. 1975. Characterization of major 
histocompatibility (B) antigens of the chicken. Transplan. 
20(6):523-527. 
Ziegler, A., and R. Pink. 1976. Chemical properties of two antigens 
controlled by the major histocompatibility complex of the 
chicken. J. Biol. Chem. 251(17):5391-5396. 
